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Abstract
Despite significant advancements in the development of digital health tools and the rising
provision of health care services in the home, information management and communica-
tion has yet to be standardized through digitization across caregiver teams in complex
home care. With the increased risks of adverse events in dynamic and unpredictable home
environments, there is a critical need to improve care inconsistencies and prevent commu-
nication breakdowns. An opportunity exists for digital health tools to support the stan-
dardization of information sharing processes in the home. However, designing digital tools
to support complex home care is challenging when considering the uniqueness of patient
conditions, the home environment, and caregiving team diversity. Adopting digital health
tools in unregulated environments also induces a challenge for standardizing digitization
in this complex domain. With advancements in natural language processing and speech
recognition, the development of digital health interfaces that provide a natural interaction
with information by voice has shown promise to support information management and
communication and facilitate engagement with home care technology.
The objective of this research is to build a foundation for the future development of a
voice user interface or Voice Assistant (VA) to support caregivers in complex home care.
The objectives are two-fold: (1) to understand the diverse caregiving experiences related
to health information management and communication in complex home care and (2) eval-
uate the diverse perspectives of caregivers on the design of a VA to support these identified
processes. Using a mixed-methods approach of semi-structured interviews and question-
naires with 22 caregivers across North America, this research contributes to understanding
both the information and communication processes as well as the design considerations for
integrating VA technology in complex home care by potential primary users.
iv
This thesis consists of three papers that describe the partial results of one study. One
paper focuses on the semi-structured interviews with family caregivers of Children With
Special Health Care Needs (CSHCN) to understand the processes involved with managing
care in their home. The second paper focuses on the semi-structured interviews with
family caregivers and hired caregivers of older adults in the same context. The third paper
focuses on the semi-structured interviews and questionnaires with all participants about
their expectations for the design of VAs in complex home care.
This thesis captures the rich experiences of caregivers who are managing the coordi-
nation of care in complex home environments and the considerations for designing VA
technology in this domain. The principal findings highlight similarities in caregiving pro-
cesses and the nuanced complexities among caregiver populations that can inform the de-
sign and usability considerations of future digital health tools. There is also the potential
for VA technology to provide utility for health information management and communi-
cation. However, considerations for functionality and the context of use may impact this
innovation’s diffusion. Future research should collectively examine home care from caregiv-
ing teams’ perspectives and objectively measure human-information interaction with this
technology in context-specific scenarios.
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Over the past 20 years, our healthcare system has experienced a significant shift towards
care being provided in the home, resulting in increased responsibilities for caregivers to pro-
vide and coordinate care services in environments that are not directly designed to support
healthcare tasks [3, 4]. The aging population, along with advancements in medicine and
technology to treat medical complexities, are major contributors to rises in life expectancy
and the increased reliance on home care, which requires the newly combined efforts of di-
verse teams to support care effectively [1, 5, 6]. A critically important aspect of supporting
safety in complex home environments involves health information sharing, where a lack of
communication can result in serious consequences for patient health [7]. Communication
among caregivers in complex home care includes the human and social aspects of human-
information interaction, and in the present-day, increasingly involves human-information
interaction through technology [7]. However, despite the world’s shift to the Information
Age where access to timely data has become more prominent in many domains, includ-
ing healthcare, the challenge of adopting health information digitization to support care
services provided in the home among caregivers remains unsolved [8]. There is potential
for the design of novel methods of technology interactions to improve human-information
1
interaction with health data and positively influence healthcare digitization for the home
environment.
On average, family members in Ontario spend 20-hours per week for four years sup-
plementing health care services in the home and purchase approximately 20 million extra
visits or service hours, including nursing, personal support, therapy, supplies, equipment,
or other services [4]. In 2015, there was a total of over 29 million hours of personal support
care provided to over 700 thousand individuals [4]. The Community Care Access Cen-
tre defines complex care as medical, physical, cognitive and social conditions at risk for
hospitalization, chronic conditions, unpredictable care needs, and the need for a support
network. Of the 700 thousand receivers of home care in 2015, 70% were categorized as
complex, compared to less than 40% in 2010 [9].
There is significant literature that in-home electronic health record could support
standardizing communication and providing efficient access to information in the home
[8, 10, 11, 12]. However, there are currently no substantial technologies used in this do-
main, and annual adoption rates for systems such as online portals have been reported
to range from 5-12.4% [13, 14]. Some of the previously identified adoption and usability
challenges result from the design of the interface and the burden to physically interact
with a system to record and retrieve data, which prevents caregivers from experiencing the
value that many systems could offer in supporting safety and coordination [8].
VAs such as Amazon’s Alexa, Apple’s Siri, or Google’s Assistant have been previously
shown to engage a user’s interaction with information in fundamental use cases such as
accessing the news, music, or the weather [15]. While VAs have not been deployed in a
regulated health care environment, to the best of the author’s knowledge, research has
shown potential for VAs to provide substantial support for effectively interacting with
health information in specific contexts, both for care professionals and patients [8, 10, 12,
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16, 17]. While the literature has proposed using VAs in complex home care, there is limited
understanding of the human factors involved to engineer this method of interaction for the
complex work domain of home care.
To address the gap in designing effective digital health tools for complex home care
that meet the needs of caregivers and support engagement, the objectives of the research
for this thesis are two-fold:
1. To evaluate the current complex work domains of caregivers to formulate an in-depth
understanding of their diverse experiences with information management and health
communication, and
2. To provide an initial evaluation for the adoption, design, and usability considerations
of VAs to support the identified information and communication processes of complex
home care.
To achieve each research objective, we designed a mixed-method study to explore care-
givers’ perspectives from diverse backgrounds and experiences. The methods included
semi-structured interviews and questionnaires. The purpose of the interviews was to cap-
ture caregivers’ unique experiences qualitatively and better understand the reasons behind
their experiences and beliefs about using VAs in complex home care. We used both an
inductive and theoretical thematic analysis for the qualitative results. The theoretical
analysis was guided by the Technology Acceptance Model (TAM), a systems theory that
enables a better understanding of the key aspects of user acceptance of a new system and
how design decisions may impact the successful integration of information systems in a
work domain. The questionnaire used in this study consisted of Likert-scale questions to
quantitatively evaluate caregivers’ perspectives. These questions were designed based on
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existing literature about the potential uses of VAs in complex home care and triangulated
with the qualitative data [8].
Primary findings on caregivers’ diverse experiences show that there are overlapping
processes among caregivers of CSHCN, caregivers of older adults, and professionally trained
hired caregivers to manage and communicate health information in complex home care.
However, the complexities within these processes remain distinct across caregiver groups
due to the medical complexity, which directly impacts the home care dynamic and the
degree of responsibility required by caregivers. Concerning perspectives on VAs, primary
findings suggest potential utility for supporting complex home care communication and
information management. The application of the TAM identifies that caregivers specifically
perceive usefulness and ease of use for VAs in complex home care to interact with health
information. Caregivers also express that utility for the care receiver would provide peace-
of-mind. However, concerns about the provided value of VAs compared to current methods
for managing health information and issues regarding the influence of personality and
intelligent support on effective use may impact wide-spread adoption.
While this research provides a foundation for understanding the information complex-
ities involved with complex home care and the potential for the design and adoption of
VA technology that supports information interaction, future research should continue to
explore this critically important domain. The focus should be directed towards research
that explores contextual interactions with VA technology by caregiver teams to inform the
human factor considerations further influencing the adoption of digital health technology
in complex caregiving environments.
4
1.1 Primary Research Contributions
This thesis’s main contributions are to provide empirical insights into complex home care
information processes and inform the design of digital health technology for information
management and communication to support patient safety. The contributions to the field
of human factors research in healthcare can be specifically described three-fold:
1. To provide empirical insights into the work domains of family caregivers of CSHCN
with respect to the management and communication of health information in their
home.
2. To provide empirical insights into the work domains of family caregivers and hired
caregivers of older adults with complex health conditions with respect to the man-
agement and communication of health information in their home.
3. To provide empirical insights into the design and usability considerations influencing
the adoption of VA technology to support caregivers’ information management and
communication in complex home care.
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1.2 Thesis Organization
The thesis is organized as follows:
Chapter 1 provides an introduction to the thesis and an overview of the research topic, the
gap in the current literature, the importance of the research, a statement of the objectives,
primary results and next steps.
Chapter 2 describes the necessary background required to understand this research, in-
cluding the model of home care, human factors, principles of innovation adoption, and
prior literature on the use of digital health technology as well as designing and evaluating
novel interfaces in a health care domain.
Chapter 3 describes the mixed-methods study design and the specific methodologies used
for data collection and analysis.
Chapter 4 focuses on the interview and survey results from family caregivers of children
with special health care needs. This chapter has been submitted for publication to JMIR
Human Factors (doi: 10.2196/preprints.28895)
Chapter 5 focuses on the interview and survey results from family caregivers and hired
caregivers of older adults. This chapter is being submitted for publication.
Chapter 6 describes the results from caregivers’ perspectives on the usability, design and
acceptance of voice assistants in complex home care. This chapter is being submitted for
publication.
Chapter 7 discusses the connections between information management and communica-
tion processes to the design and adoption of voice assistants in complex home care, and




2.1 Information Interaction & Human Factors
In the context of this research, an understanding of human factors for human-information
interaction is critically important. Access to information and the user experience with
an information system can play an essential role in influencing human behaviour [18, 19].
Understanding human factors in the context of human-information interaction provides a
foundation for studying complex systems.
In the mid-20th century, the world experienced a significant shift into the Information
Age, which broke down communication barriers and the limits constrained by the human
capacity for information processing and decision-making [20]. The rapid development of
information technology and the inception of the internet provided access to a library of
knowledge in the palm of one’s hand. As information accumulated and cloud storage
supported ubiquitous computing applications, the type and the form factor of technologies
that enabled access to increasing volumes of data also evolved. One can now retrieve the
world’s stored data from a 1.5-inch screen on their wrist, an 86-inch screen hanging on their
wall, or from a device that has no screen at all. As information exponentially accumulates
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beyond orders of magnitude that are challenging to comprehend, where 90% of today’s
data was only created in the last two years [21], the world has reached the precipice of an
important shift towards human-information interaction: the Experience Age [22].
The Experience Age focuses on the interaction with information [22]. Today’s technolo-
gies enable some of the simplest of gestures, motions, and sounds to make the relationships
between humans and information more intuitive than they have ever been before. As
explained by Raya [23], the discipline of human-information interaction encompasses var-
ious research domains today. It can be explored through the application of methods and
principles from human-computer interaction, computer-supported cooperative work, and
human factors [23]. Human-computer interaction studies how information is presented to
a user to encourage effective interaction, while computer-supported cooperative work in-
volves studying information sharing and interpretation among individuals [23]. While also
focused on the tools for information interaction, human factors is a multidisciplinary field
that covers various challenges in the field of human-information interaction [23].
Raya [23] defines human factors as the study of how human performance and safety
can be improved by understanding how humans relate to the world around them. For
human-information systems, this refers to understanding the information required for a
system to operate [23]. Systems thinking, which was initially proposed by Ludwig von
Bertalanffy in the 1930s and later published as a theory in 1968, in general terms, aims
to understand sets of elements, their relationships and how they work together to achieve
a desired goal [23]. The engineering component of human factors further focuses on the
mechanisms of system design. The designed controls and displays of a system provide a
user with information about its state in the physical environment, subsequently influencing
decision-making processes that alter their future behaviours and interactions [23]. In the
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context of this research, the system under investigation is complex home care.
2.2 Complex Home Care
According to the National Research Council of the United States, the proposed home care
model involves four factors: the individuals, their tasks, the technologies used, and the
working environment. The individuals of home care are the people receiving care, who
may also care for themselves and those who are providing care, which may include pro-
fessionally trained hired caregivers and family caregivers [1]. Often, the family caregivers
must train their hired caregivers about their home environment and the specifics of the
caregiving situation [24]. The diversity of individuals results in caregivers with a wide
range of personal and health literacy skills, social needs, economic and social resources,
and perceptions or preferences for care [25]. The majority of family caregivers providing
home care vary widely in their training compared to professionally trained hired caregivers
[26]. However, caregivers are most likely to be older and female [27, 28].
Home care tasks typically involve health maintenance, activities associated with episodic
or chronic care, and palliative care [1]. With the nature of these tasks being provided in
the home, there is significant risks for hazards and challenges to emerge for caregivers
[29]. The conditions being supported may be simple and require little time and no medi-
cal equipment such as coaching in self-help skills or helping with medication management
[1, 29]. At the other end of the spectrum, home care tasks may be complex and consume
several hours every day using complicated devices for wound care, dialysis, chemotherapy,
and respiratory therapy, which are tasks that used to be limited to inpatient environments
[1, 29].
Home care devices range from simple first aid tools to respiratory equipment, including
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Figure 2.1: Model of home care as described in human factors terms [1]
the monitors and computer programs associated with them [1]. Technologies also include
methods for documentation and record-keeping [25]. Although some of this equipment
was designed for professional use, it is finding its way into the home environment with
non-professional users [1].
Finally, encompassing home care is the environment in which care is provided [1]. The
environment where care is provided can either impede or facilitate patient safety and the
quality of care that they received [29]. With few exceptions, homes are not designed to
support health service interactions and healthcare tasks optimally, and they exist within
unique social atmospheres [29]. Overall, health care that occurs in the home is a very
complex experience for caregivers. This model’s factors affect the safety and quality of
care that occurs in this dynamic and often unpredictable environment [1].
However, the home is often argued as an ideal setting for complex care [25, 26]. It sup-
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ports aspects such as comfort through familiarity, directed care, and affords care recipients
like older adults the opportunity to age-in-place [29]. The diversity in the elements and
interconnections of this model and the culture of health care in a home environment only
heightens the importance of the human factors involved.
2.3 Information Management in Home Care
2.3.1 Introduction
Providing care in a home environment for patients requiring in-home health care services
has been extensively studied in particular patient populations. The body of caregiving
literature focuses on older adults who have conditions including dementia or complicated
medication regimens and includes improving the overall safety of care in the home [30,
31]. Some research focuses on the caregivers of CSHCN, and the unique challenges and
consequences that this group of caregivers experience when navigating care coordination
[32, 33, 34]. With respect to information management and communication, a significant
body of literature focuses on the processes involved with care handoffs between caregivers
and caregivers’ information needs to perform health-related tasks in a home environment.
2.3.2 Caregivers of CSHCN
One of the most critical moments of information sharing for caregivers is when patients with
complex health needs transfer from the hospital to their home. In this context, the exchange
and translation of health information from health care professionals to family caregivers
and other caregivers on a patient’s caregiving team is critical for maintaining safety and
quality of care [35, 36, 37, 38]. From the perspectives of caregivers of CSHCN, Desai et
al’s [35] qualitative study identified the need for health care professionals to provide family
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caregivers with comprehensive written instructions regarding contingency plans and their
child’s medications [35]. They also identified the need to provide family caregivers with
the opportunity to ask questions to health care professionals who are familiar with their
child to better understand their child’s condition(s) [35]. Caregivers explicitly described
the need for this information to be easily retrievable by printing it on brightly coloured
paper so that they could find it in an emergency [35]. With the increasing amount of
paperwork that families of CSHCN collect, this unique perspective may result from prior
experiences of caregivers struggling to find specific health information among increasing
amounts of data promptly [11].
2.3.3 Caregivers of Older Adults
Arbaje et al [38] analyzed the information processes for health care professionals and care-
givers involved with transitioning an older adult from hospital to home care. They identified
four failure modes influencing the transition’s safety: managing too much information, not
having enough information, having wrong information, and requiring data from multiple
sources [38]. Their results highlighted the need for digital health technology to standardize
information processes for transitions to home care [38], which was also supported by the
results of Nasarwanji et al’s [36] study. Nasarwanji et al [36] performed contextual inquiry
of patient discharges for older adults to map information processes and flow, specifically
with healthcare professionals. Their principal findings identified the lack of standardized
workflows for exchanging information and the order of tasks to transition an older adult’s
care, where home care coordinators described creating guidebooks and manuals for per-
sonal use [36]. Current methods of collecting small paper notes, printed emails, and other
documents in a binder did not support shared situation awareness among stakeholders
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during this transition [36]. Having accurate, updated, and concisely presented information
is critical to promote a seamless transition to home care [36].
While Nasarwanji et al’s [36] study focused on health care professionals because of
the impact that their involvement has on their workflow, Carnahan et al [37] captured
perspectives on information sharing by older adult patients and their caregivers during
hospital discharge to home care. They identified that caregivers’ and older adults’ infor-
mation needs were variably met [37]. One of the most significant challenges many of their
participants faced resulted from locating relevant information within a plethora of papers
that were provided to them [37], as similarly identified in the study mentioned above by
Desai et al [35]. Also, the necessary information was not initially provided to individuals
on their caregiver teams [37]. In one of their participants’ experiences, this resulted in a
nurse arriving without knowledge that the patient required wound care and was physically
unprepared to provide proper treatment [37].
2.3.4 Information for Medication Management
Despite handoffs being recognized as an essential factor for improving safe care transi-
tions among caregivers [39, 40, 41], gaps within inter-professional communication remain a
challenge that hinders transitions to home care, which specifically influences safety in the
context of medication management [31]. Carnahan et al [37] further identified the need for
medication information support for older adult patients and their caregivers to be person-
alized towards their health literacy and cognitive capabilities. This finding was supported
by the results of a contextual inquiry performed by Keller et al [42]. Keller et al’s [42]
study explored the task of outpatient parenteral antimicrobial therapy, where patients or
their caregivers infused antimicrobial fluids through venous catheters in the patient’s home.
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Their principal findings highlighted the need to apply human factors engineering princi-
ples to present clear instructional information to caregivers to reduce task ambiguity [42].
Especially for medication administration tasks, reminding caregivers about the sequence
of steps and sub-steps and providing clear information to support device troubleshooting
should be effectively and efficiently supported [42].
Currently, medication management and the systems used to support medication adher-
ence in the home vary in their effectiveness due to non-existent benchmarks for evaluating
usability and workload [43, 44]. Lang et al’s [31] interview study with older adults, their
caregivers, and their providers captured the striking variations in medication management
that occurred in the home. They discovered that many older adults and caregivers de-
vised unique tracking systems which might work well for their unique home environment
but raised safety concerns with providers on their reliability [31]. Other caregivers and
patients had non-exist tracking methods, which equally concerned providers [31].
2.3.5 Conclusion
During the critical period of care transition from a hospital to the patient’s home envi-
ronment, information management and communication sets the initial standard (or lack of
one) for care coordination in the home. While current research identifies that technologies
and other systems fail to consider the human factors involved in this transition of care,
there is a promising opportunity to develop innovations for this space that enhance patient
safety and the caregiving experience. Further understanding caregiving characteristics in
complex home care will provide a means for developing tools that establish high-quality
health information management and communication in the home.
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2.4 Technology Adoption in the Information Age
Understanding the factors influencing the adoption of innovations into society is essential
for the exploration of novel technologies in a work domain that employs non-standardized
processes resulting in makeshift methods which might be resistant to change. While in-
novation may provide significant benefit to its users, users’ perceptions about integration
may directly impact wide-spread use. It is critically important to understand the founda-
tion of innovation diffusion for research that aims to design novel innovations for complex
systems.
Fortunately, the adoption of innovation in society is a widely studied field that ranges
from domains such as the environment, operations research, education, finance and health
care. For example, in environmental research, the diffusion of innovation theory has been
recently used to examine consumer attitudes towards purchasing sustainable products [45].
In operations research, it has been used to study the impact of agent-based simulations,
which consider individuals’ behaviours and interactions, to teach junior managers about
technology management [46]. Principles of innovation diffusion have also been recently
applied to improve the inclusiveness and culture of STEM education [47] and to study the
relationships between financial information and communication tools and their adoption in
society [48]. In health care, the study of digital health technology use by genetic counsellors
with characteristics of diffusion theory has also identified perceived challenges of adoption
[49]. Most recently, attitudes toward the use of automation to support the development of
health guidelines by synthesizing health evidence have been evaluated using an innovation
diffusion framework developed by Everett M. Rogers to identify the need for transparency
in automation technologies [50].
Rogers’ Diffusion of Innovation framework [51] combines five important factors that
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can be used to describe and predict the rate of adoption for an innovation into society: (1)
Relative Advantage, (2) Compatibility, (3) Complexity, (4) Trialability, and (5) Observability
. It is critical to point out that these factors describe the perceptions of users, rather than
experts of a system, and that these factors exist among others as the most important
characteristics describing adoption [51].
Rogers describes the Relative Advantage of innovation as “the degree to which an in-
novation is perceived as being better than the idea it supersedes,” and one of the most
significant drivers is the economic advantage relative to prior innovations. However, even
when the economic advantage of innovation is highly influential, it is often coupled with
another predictive characteristic [51]. Rogers explains that in some cases, this character-
istic’s economic aspect can overpower other factors and result in the over-adoption of an
innovation, which may result in a reduced overall value. In other cases, it may be difficult
to perceive the benefits of innovation if it requires long-term use or acts as a preventative
measure against an adverse experience [51]. He explains that the benefit of the innovation
is the lack of a negative consequence. The uncertainty in knowing the consequences for
future events may slow the rate of adoption. Furthermore, when incentives are imme-
diate and finite, long-term use might dwindle if the immediate advantage outweighs any
perceived future benefit [51].
The Compatibility of innovation is “the degree to which an innovation is perceived as
consistent with the existing values, past experiences, and need of potential adopters,” which
is highly related to the concept of familiarity [51]. Rogers explains that the more an
innovation can seamlessly integrate into existing lifestyles, the less likely it will change a
user’s behaviour, resulting in increased adoption. However, he cautions towards innovations
that maintain consistency with prior practices. They may come with the risk of over-
adoption or miss-adoption. Innovations should focus on meeting user needs [51].
16
The Complexity of innovation is what Rogers describes as “the degree to understand
and use.” This definition could be synonymous with the learning curve, which was first
described by psychologist Hermann Ebbinghaus in 1885 [52]. While Rogers explains that
innovations that are difficult to use negatively impact adoption, this pressure influences the
development of more user-friendly innovations, such as the evolution of the home computer.
Rogers describes the Trialability of innovation as “the degree to which an innovation
may be experimented with on a limited basis.”, which is often more important for early
adopters than latecomers. The more flexibility provided to a user to test the innovation
positively impacts adoption [51]. Rogers explains that after potential users perceive the
positive interaction of early adopters, the impact of their trial of the innovation holds little
weight and they more rapidly advance to using innovation to its capacity.
Finally, the fifth factor of Rogers’ framework on the Diffusion of Innovation is Observ-
ability, which he describes as “the degree to which the results of an innovation are visible
to others,” and positively influences adoption. This factor is closely related to the Rela-
tive Advantage of an innovation where the ability for users to experience value influences
the likeliness of adoption [51]. The challenge in this relationship, as Rogers previously
mentioned, is the ability to directly or immediately experience value for preventative in-
novations. The economic advantage may be delayed or only perceived after long-term use.
The connection between Observability and Relative Advantage for preventative innovations
may require other factors in this framework to drive adoption.
2.4.1 The Technology Acceptance Model
The TAM draws similarities to the concepts described in Rogers’ Diffusion of Innovation
framework. Developed by Dr. Fred Davis and described in his 1986 Ph.D. dissertation,
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the TAM combines the concepts of user motivation, which includes Perceived Usefulness,
Perceived Ease of Use and Attitudes Toward Use to predict the actual use of a system,
or the behavioural response (Figure 2.2). The usefulness and ease of using a system are
considered cognitive responses based on the design features of a system that influence a
user’s attitudes, which is considered an affective response [2]. Davis also describes that the
Perceived Ease of Use of a system influences the Perceived Usefulness because it directly
impacts a user’s performance.
Figure 2.2: Technology Acceptance Model [2]
In the context of the adoption of information communication technology in healthcare,
the TAM has been widely used to evaluate the factors that influence user acceptance.
For example, elements of the TAM have been used to build questionnaires that measure
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perceived usefulness and perceived ease of use of a mobile application for collecting family
health history [53], as well as for understanding the factors influencing the acceptance of
telemedicine services [54]. Theoretical thematic evaluations using the TAM have also been
used to inform the design of mobile health applications for use by caregivers to manage
health information [55] and encourage patient self-management of chronic disease [56]. The
TAM has also been used to evaluate wearable devices’ acceptance successfully [57], and
the adoption of intelligent health monitoring systems [58].
Despite the wide-spread use and robustness of the TAM [59], there are concerns with
its applicability to this domain. Regardless of the beneficial components of an information
system concerning its usefulness and ease of use, detractors to adoption for healthcare pro-
fessionals include information privacy, and the potential use of the information, which the
TAM does not directly capture [60]. Factors such as the cost, system training, user charac-
teristics, and the organization’s size also influence adoption, where these factors are more
salient in smaller organizations [60]. Handy et al [60] suggests that for information systems
in healthcare, the TAM is not complete without considering individual and organizational
characteristics.
For intelligent information systems in healthcare, the TAM has been extended to eval-
uate acceptance by healthcare professionals, which has also revealed limitations to the
model’s original factors. In a study by Sohn et al [61], the TAM identifies the importance
of enjoyment over usefulness for adopting intelligent systems. This disagrees with prior
research and the framework developed by Rogers, which suggests aspects of usefulness are
an essential factor in adoption in the context of these systems [61]. Sohn et al [61] suggest
that the hedonic aspects of the interaction and user curiosity about intelligent systems
significantly impact adoption.
The TAM’s application to VAs is currently limited. The current body of literature
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focuses on adopting the technology by general consumers for the primary use of these
systems to support simple interactions like checking the weather. To the best of the
author’s knowledge, there is no significant research on using the TAM to evaluate the
adoption of VAs in healthcare or complex home care. The current literature on TAM
applied to VAs is further described in Section 6.3.1.
2.5 Digital Health Tools in Complex Home Care
2.5.1 Introduction
The vast literature and evidence supporting the need to adopt digital health technology
in a home environment stem from the inherent collaboration required among caregivers to
ensure safe and quality care [11, 31, 35, 36, 62]. Studies have been conducted to identify
the latent needs of stakeholders for the design of technologies that support information
management in home care and the coordination of tasks among individuals and evaluated
the use of these innovations within the home environment. However, there has yet to be
a developed system that captures the needs for effectively supporting information man-
agement, health communication, and ultimately adopting these systems in complex home
care [63]. Many solutions have explored graphical user interfaces for mobile applications
to support health care in the home. More recently, advances in voice user interfaces in
the form of VAs like Amazon’s Alexa or Google’s Assistant support research into this nat-
ural mode of information interaction as a tool for performing tasks in the home, some
of which is related to a person’s health. However, issues with technology development
that do not involve user-centred design methods or integrate caregivers’ perspectives into
the final product may contribute to barriers for usability and the ultimate adoption of
such technologies in the home [64, 65, 63]. The literature review for this section provides
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background information on the current research conducted on digital health technologies
involving graphical user interfaces and the emerging research on VAs used in the home and
health care context.
2.5.2 Graphical User Interfaces
Smartphone and computer use has become ubiquitous as a technology to enhance com-
munication and information sharing. With the ease of downloading a software application
onto a device, access to new software tools is much easier than before. Current technolo-
gies to support information management and communication are centered around certain
diseases and patient conditions, and do not encompass general information management
and communication needs. For example, for older adults with diseases such as dementia,
there are various applications currently in development or available to support caregivers
and their home care [63].
Koumakis et al [63] has categorized many of the currently known and in-development
applications for dementia in 2019 as one or more of the following: disease detection, di-
agnosis and assessment; management assistance and support; and interventions. Despite
research that has shown how digital health technology can improve shared situation aware-
ness with patient care teams in hospital settings [66, 67], very few applications identified
in Koumakis et al’s [63] study support integrated care or efficient communication between
caregivers. However, caregivers are positively inclined towards having an application that
supports this functionality [63]. While Koumakis et al [63] describes that there are mixed
results about the positive adoption of internet-based and mobile health technologies by
caregivers, they expect that the cost-effectiveness of integrated solutions will play an im-
portant role in adoption. However, there are a lack of studies that investigate this adoption
factor [63].
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Guidsado-Fernandez et al [68] evaluated a new care delivery model called Connected
Health, designed to improve care for patients with dementia by enabling continuity and
information flow among stakeholders using a health portal in the home. Through personal-
ized information and functionality that provided a means to record vitals, write notes, and
view training information, the Connected Health model has been shown to improve care-
giving confidence, depression and self-efficacy, and interaction by caregivers with health
care professionals [68, 69]. The design of information sharing technologies to support care
coordination among stakeholders has also been shown to improve home care for caregivers
of other patient conditions, such as depression [70]. Yamashita et al’s [70] digital tracking
tool specifically identified the benefits of an indirect sharing tool to support opening the
discussion for sensitive topics in the home. They also identified that family caregivers be-
came the primary users of their solution, through tracking their loved ones health [70]. The
design features of their digital tracking tool may influence future adoption as interactions
were somewhat consistent throughout the six-week study period and the solution provided
significant social benefits to their participants [70]. However, Yamashita et al [70] did
not directly evaluate or report the potential adoption of this novel tool beyond the study
period. Guisado-Fernandez et al’s [68] evaluation demonstrated promising results towards
improving caregivers’ involvement in managing health care at home and using online por-
tals as a preventative measure against adverse events by including caregiver perspectives,
their needs, and their attitudes into the initial stages of the design process. However, while
the literature supports the connection between user-centered design and increased adoption
of developed technologies, Guisada-Fernandez et al [68] identify that many technologies do
not consider the perspectives of patients with dementia. Their qualitative approach to
understand the needs and attitudes of patients with dementia provides a foundation for
developing future technologies for this user population [68].
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Other applications have been developed for caregivers of persons living with cancer,
which may be seen as more favourable than web-based portals, potentially due to inter-
face design and ease of access [71, 72]. Heynsbergh et al’s [71] development of a smart-
phone application was guided by user-centred design through focus groups and phone
interviews. The evaluation of their mobile application for caregivers of people living with
cancer illustrated the importance of providing care-specific information about cancer in
their application, such as medical terminology [71]. However, functionality supporting so-
cial interactions among caregivers and financial or legal information was least valuable [71].
While participants assessed the application in this study as acceptable for use by caregivers
of cancer patients and provided positive reports overall, application usage greatly varied
[71]. The application does not support information needs as a patient’s condition evolves
[71], which suggests that user adoption beyond the evaluated study period may be limited.
However, as with the development of other applications, Heynsbergh et al [71] did not di-
rectly evaluate the potential adoption of their application beyond the study period. Similar
to the cancer-specific application developed and evaluated by Heynsbergh et al [71], Wang
et al [72] evaluated a mobile application for caregivers of children with acute lymphoblastic
leukemia. This application provided functionality through treatment tracking, reminders,
a social platform, financial assistance, and a knowledge centre, which resulted in decreased
caregiver anxiety and increased knowledge [72]. It is important to note that Wang et al
[72] also included communication with health care professionals in their application. Their
participants mentioned that having access to information sharing functionality with health
care professionals eased their access to scientific knowledge about their child’s care [72].
However, despite the user-centered approach their participants expressed unmet needs for
the application to be available on other mobile operating systems, that it does not provide
long-term support, and does not support anxiety related to their child’s disease progres-
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sion [72]. While Wang et al [72] did not directly evaluate the potential adoption of their
application, it is expected that these factors would play a role in the attrition rates of such
a solution if it were deployed.
In summary, while caregivers provide insight on the designs of mobile applications
[73, 74], they primarily focus on providing a breadth and depth of general information
needed to care for someone with a specific condition, while also providing a means for
unstructured data input [71, 72]. The current state of developed applications and recent
short-term deployment studies highlights the impact of the novelty factor, which may lead
to increased uptake on adopting a new solution in the short term. However, there ex-
ist critical factors influencing adoption in the long term which have yet to be discovered.
There is an opportunity for a qualitative approach to understand the experiences of care-
givers on their current methods and technologies, to provide insight into the domain of
adopting digital health tools that support information management and communication in
the general context of home care.
2.5.3 Voice User Interfaces
There is an identified need to develop digital health technologies in the home that can
provide functionality through tracking symptoms, flexibility for free text fields, contacting
a health care provider, and the ability to upload images [75]. There is an additional desire
for easy input of data through preset menus or voice interaction [75]. Voice interaction with
health information in the home as well as the health care context is an emerging method of
human-computer interaction that has also been proposed [8, 10, 11, 76]. The current body
of literature identifies the use of VA technology for patients to more effectively interface with
mobile applications, for physicians to support medical dictation, and to enable diagnoses
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of diseases such as Alzheimer’s or Parkinson’s [10]. There is significant potential for VAs
to improve access to timely information in a health care context. For example, one recent
study examined integrating a single voice command into a mobile application to provide
hands-free blood glucose monitoring [76]. They found that 80% (28,725/34,572) of their
participants interacted with their system at least once to check their blood glucose levels
over a one-month period [76].
A significant body of literature focuses on using VAs for older adults and their percep-
tions on interacting with this technology in their home to support cognitive processes. For
example, Kim captured the initial perceptions of a group of older adults using a VA. Re-
sponses to the voice interaction were favourable for their first commands but unfavourable
for a conversational interaction [77]. Other literature focuses on older adult interactions
with VAs in the health care domain, specifically in providing medication timing and dosage
reminders [78]. Jesus-Azabal et al’s [78] study on developing a VA to support medication
management has been successfully tested in a lab setting. Still, it has not been evaluated
for in-home patient use [78]. However, Jesus-Azabal et al [78] foresee older adults inter-
acting with the VA to understand their medication schedule and store information about
medication issues for other caregivers to see. In general, older adults perceive the potential
for VAs to improve their access to health information and to improve their experiences
for searching for information [77, 79]. However, concerns about privacy, financial burdens,
and the accuracy of information may act as barriers to adoption for personal use [79].
Despite the development of VAs for patients and the natural method of voice interaction,
in the context of persons with dementia, it has been suggested that the required learning
curve for understanding how to interact with VAs may require additional assistance from
a caregiver [80].
Furthermore, with respect to the context of persons living with dementia, approxi-
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mately one-third of dementia caregivers are older adults above the age of 65 [81]. Research
has shown potential for VAs to support more senior adult caregivers [81]. Li et al [81]
specifically designed a VA to help caregivers manage the diet of someone diagnosed with
dementia. Their VA provides guidance and personalized recommendations on nutrition,
cooking and eating behaviours for someone with dementia, using a detailed ontology-based
information model [81]. Li et al’s [81] in-lab testing showed high dialogue understanding
success rates (86%) and perfect recommendation accuracy (100%). However, the usabil-
ity of the system in a home environment is unknown. Their VA has not been tested by
caregivers in this setting [81].
One recent study by Corbett et al [82] evaluated the long-term use of VAs in the
general home environment by older adults and their caregivers. Their primary findings
were positive towards the use of VAs to support aging in place in finding information and
entertainment [82]. With current device capabilities, older adults also used their VAs as
a conversational partner [82]. Caregivers mentioned their desire to use the VA beyond
entertainment, to check-in on medication events [82]. However, the required learning curve
and changing to new habits were challenges associated with successful integration [82]. For
example, one of the problematic practices that the participants in Corbett et al’s [82] study
could not let go of, was writing information down in paper notebooks.
For caregivers of CSHCN, there is limited literature on the potential for VAs to sup-
port health care tasks in the home. However, Sezgin et al [11] has proposed a spectrum
of contexts for VAs to provide increasing value at home for children with medical com-
plexity, ranging from the following: (1) general information retrieval, (2) instructions for
health care tasks and reminders, (3) assessment of therapies and risk and identifying health
conditions through bio-markers, and (3) prescribing therapy, medications or other treat-
ments [11]. They also propose that VAs could provide more autonomy to the child as
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they become teenagers and take more responsibility for their health [11]. However, critical
considerations and limitations preventing integration remain. For example, current limi-
tations include access to raw health care data from mainstream vendors, Health Insurance
Portability and Accountability Act compliance, the relative market demand, caregivers’
social and economic status, language support, and translating current services to permit
voice interaction [11].
2.5.4 Conclusion
The literature identifies a gap in the development of digital health technology to support
caregivers in complex home care. Research has shown significant promise for digital health
technology to support patients. However, while caregiver perspectives have been considered
for the design of some software applications for home care, they are often an afterthought
or minimally considered during the design and development of emerging innovations for
home care. The challenge towards including caregivers may be grounded in diverse needs of
patients compared to their caregivers. With the mixed challenges associated with graphical
interfaces, there is potential for the design and integration of a alternative interface modes
such as voice interaction, to provide both meaningful access and an improved experience
with health information by all stakeholders.
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2.6 Evaluating Voice User Interfaces in Healthcare
2.6.1 Introduction
VAs are considered one category of interaction with Conversational User Interfaces (CUIs),
growing in prevalence as a more effective way to access information in a natural way,
inherent with human communication. Text-based CUIs are used on company web-pages to
help potential customers learn about available products and services, on smartphones to
act as a personal assistant, and by governmental organizations to teach users about specific
topics. One topical example of a text-based CUI is the COVID-19 chatbot launched by
the city of Toronto in May 2020 [83]. Unlike traditional graphical user interfaces that
require users to know where to look for information and perform a sequence of actions
to access it, CUIs make information more accessible through natural human language.
Many CUIs achieve this by understanding the aspects of human language regarding intents
and entities. Intents are the reason for the interaction [84]. For example, in a health
care context an intent could be to record a medication intake, or retrieve medication
interactions. Entities are the details that are extracted to capture a complete understanding
of the input [84]. Following the previous examples, an entity could be the amount of
medication being recorded, and the type of medication.
Some of the most common voice user interfaces are known as Apple’s Siri, Amazon’s
Alexa, and Google’s Assistant, which help users with tasks such as searching the web, play-
ing music, and creating reminders. Human interaction with CUIs has been an increasingly
studied topic in several domains. With its growing diffusion into society to support every-
day tasks, it is essential to study the factors for the effective design of CUIs. This literature
review lays the foundation for how CUIs developed for healthcare are currently evaluated
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concerning usability and the opportunities for filling those gaps with future research.
2.6.2 Usability Standards
The National Standard of Canada defines usability in the International Organization for
Standardization (ISO) 9241 as the following: “Usability relates to the outcome of inter-
acting with a system, product or service, a more comprehensive concept that is commonly
understood by ease-of-use or user-friendliness” [85]. This standard also emphasizes that
usability needs to be considered within the context of use. This includes the potential
users of the system, the environment in which they interact with the system, the goals and
tasks to be performed with the system, and the available resources [85]. For example, in
the healthcare domain, the context of use could consider a paediatric nurse who works in
the intensive care unit of a large hospital. At a certain point in their shift, their primary
objective is to document the status of their patient’s health condition using an electronic
health record and the patient’s physical medical chart. In this example, within the context
of the ISO description, designers would consider the nurse’s usability to record the required
information into the electronic health record.
As defined by ISO 9241, usability outcomes are the effectiveness of use, efficiency, and
satisfaction. Additionally, it is recommended that usability is measured with respect to the
outcomes related to the accessibility of the system, the user experience, and the ability for
the system to avoid causing harm [85]. For the example with the paediatric intensive care
unit nurse, usability measures could identify how accurately they can record the required
information into an electronic health record. Usability measures could further evaluate
how timely and enjoyable the interaction is. These factors may ultimately indicate a user’s
willingness to interact with the system in the future.
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The ISO standard for usability does not identify specific usability measures that can
be implemented, nor are there specific measures for evaluating CUIs identified in this
standard. However, ISO 9241 identifies that usability can be evaluated through observable
outcomes (i.e. objective measures) and the user’s perception of the outcome (i.e. subjective
measures), ultimately depending on the system and domain of use.
2.6.3 Subjective Usability Measures
The most common subjective usability measure used to evaluate CUIs in the literature
were questionnaires that included Likert-based questions and interviews and feedback from
participants both during and after their interaction with the CUI. Some research articles
reported using customized questions to measure usability that were unfortunately not
included in the article by the researchers [86]. A study that used a custom questionnaire
did include their questions for evaluating a medication reminder VA, which consists of a
seven-point Likert scale [87]. A total of eight questions were used in this study [87]. The
questions directly asked participants about ease of use, accuracy, usefulness, the naturalness
of the interaction, and the participants’ comfort with the system [87].
Many studies subjectively reported usability with the System Usability Scale (SUS).
The SUS is one of the most widely used scales to measure system usability and authors
often cite it as a quick and reliable measurement tool that provides a global usability score
[88]. Studies that used the SUS often adapt the wording of the SUS questions to be specific
to CUIs [89]. For example, the word ‘system’ in the statement “I think that I would like
to use this system frequently” is replaced with the word ‘Chatbot’ [90]. In all cases where
the SUS was used for CUI usability testing, the resulting scores were above the accepted
average of 68 [89, 90, 91, 92].
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Other scales described in studies include the User Experience Questionnaire, which is a
scale that measures usability and aspects of user experience, and the IBM Computer System
Usability Questionnaire. Chatzimina et al [93] used the User Experience Questionnaire
to measure efficiency, dependability, perspicuity, originality, and CUI stimulation. The
authors cited the User Experience Questionnaire as a quick measure of user experience
[93]. Based on the ISO definition of usability, this questionnaire may cover some of the
essential usability aspects described in the ISO standard. Interestingly, this scale also
provided a measure of goal aspects (i.e. efficiency, dependability, and perspicuity) and
non-goal aspects (i.e. originality and stimulation) of the CUI under investigation [93].
Chatzimina et al [93] did not include other usability testing measures and only relied on
a single quantitative User Experience Questionnaire as a quick and valid measure of user
experience. The IBM Computer System Usability Questionnaire was used by Valtolina et
al [92] to evaluate a healthcare knowledge CUI. This questionnaire focused on satisfaction
and only used positive wording, unlike the SUS and User Experience Questionnaire, which
has a balance of positive and negatively worded questions [92]. The four outcomes of
the IBM Computer System Usability Questionnaire are the following: system usefulness,
information quality, interface quality, and overall satisfaction [92].
While some studies used a single questionnaire in their experiments to subjectively
measure usability, other researchers chose to combine questionnaires. Holmes et al [94]
used three questionnaires to evaluate the usability of a WeightMentor chatbot. Their
study aimed to determine if the traditional measures and questionnaires could be used
to evaluate the usability of health-related CUIs [94]. The authors used two previously
discussed questionnaires, the SUS and User Experience Questionnaire, and developed their
own chatbot usability questionnaire. The authors’ chatbot usability questionnaire was not
a valid measure of usability as this was the first time it was used. Fortunately, they
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provided the questions in their article and the formulas for calculating the resulting scores
[94]. The researchers identified that the chatbot usability questionnaire correlated better
with the User Experience Questionnaire score than the SUS score and that there was a
possibility that the chatbot usability questionnaire measured constructs that were closely
related to CUIs [94]. Valtolina et al [92] used three questionnaires in their study: SUS,
User Experience Questionnaire and the IBM Computer System Usability Questionnaire to
evaluate their healthcare knowledge CUI and asked participants open-ended questions.
Micoulaud-Franchi et al [95] used items from the Acceptability E-Scale to measure
participant interaction usability with an embodied conversational agent designed to help
with mental health disorder diagnosis interviews. The Acceptability E-Scale is a ques-
tionnaire that explores both technology acceptance, satisfaction and usability [95]. The
authors found a more significant correlation of satisfaction with usability than technology
acceptance which aligns well with the ISO definition of usability, including satisfaction [85].
In one study about the use of CUIs in electronic health records, usability was a signif-
icant factor in accepting this interaction by healthcare professionals [16]. Kumah-Crystal
et al [16] identified that participants could not accurately use the system to input the de-
sired health information into the electronic health record and thus spent additional time to
correct the errors. Approximately 70% of participants reported that this was why they did
not want to continue using the voice user interface [16]. This study identified that accurate
speech recognition must be a primary functionality for voice user interfaces in a healthcare
domain where errors in data could significantly impact a person’s health. The ISO defi-
nition of usability also suggests safety as one of its measures [85]. However, this research
was surprisingly one of the only significant studies highlighting safety as a consideration
for CUI usability in healthcare.
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2.6.4 Objective Usability Measures
Although most studies used subjective aspects to measure usability, the most commonly
used objective usability measures involved participants performing specified tasks using
the CUI. Denecke et al [96] evaluated the usability of a chatbot designed to perform self-
anamnesis, where patients answered questions about their medical history. Participants’
ability to successfully interface with the CUI and complete the tasks designed by the
researchers was measured as a binary result (i.e. yes/no) [96]. This binary completion result
was also performed by Hess et al [86] for the evaluation of a self-management medication
CUI [86]. Denecke et al [96] additionally recorded issues that occurred while participants
were completing the tasks.
For performance benchmarks, Holmes et al [94] used the task completion times of the
CUI developer as they were the most experienced individual with the CUI. Additionally,
unlike other experimental procedures, the authors in this paper had participants perform
the task up to four times [94]. The authors hoped to identify if completion times improved
with each repetition but only found that after the first attempt, participant completion
times were optimized, which may result from the non-visual hierarchy of CUIs. Ponathil et
al [53] also used completion times for tasks and compared completion times to a benchmark
of a standard visual interface currently in use. They found some tasks such as sharing infor-
mation or accessing the platform that could be completed faster using the CUI, but many
tasks took much longer using the CUI than the visual interface [53]. These tasks included
inputting family health information, setting up a user profile, and editing information [53].
However, the authors identified that the CUI was more helpful and had greater perceived
ease of use compared to the visual interface.
The data analyzed for evaluating these objective measures were often the log report
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of the participants’ conversation with the CUI [86]. The efficiency was identified as the
number of steps required to complete the task [86]. The dialogue’s quality was identified
by how long it took the CUI to respond to the participant and how adequate the response
was [86].
2.6.5 Infrequently Used Usability Measures
Open-source CUI testing platforms were also used to measure usability objectively. This
was only found in one study by Cameron et al [90]. The authors combined the SUS with the
Chatbottest. This chrome extension is used to measure the following categories: onboard-
ing, personality, chatbot answering, chatbot understanding, navigation, error management,
and intelligence [90]. This chrome extension provides a score on a scale of 100 for each
category depending on the log data produced in the conversation [90].
Only one study used observation to evaluate the usability of the CUI. Valtolina et al
[92] applied a semiotic engineering method called the Communicability Evaluation Method
to empirically study the reception of messages from an interface to a user. The researchers
assigned one of 13 tags during the experiment when there was a communicability break-
down, some of which were labelled as “I give up.”, “Oops!” or “What is this?” [92]. The
frequency and context in which the tags were assigned during the experiment were then
analyzed to determine when and how usability issues occurred, as well as to detect patterns
[92]. The authors expressed that their study was unfortunately unable to identify any pat-
terns due to the lack of communicability breakdowns during the experiments, which may
suggest that CUIs provide acceptable communicability.
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2.6.6 Principal Findings
After analyzing the previously discussed articles to identify usability measures for CUIs, it
has been identified that there is no agreed-upon approach to CUI usability evaluation to
inform design or acceptance. However, several commonly observed approaches are used in
the recently published literature to measure the usability of CUIs in a healthcare context.
Depending on the experiment’s focus, usability was found to be evaluated using both
a single measure and multiple measures. Studies that focused on usability often used
more than one objective and subjective measure to identify usability of the CUI under
investigation. However, there was often a lack of objective measures used.
One of the most frequent measures was the SUS questionnaire. The SUS is a validated
subjective measure [88]. Some studies used additional questionnaires such as the User Ex-
perience Questionnaire and the IBM Computer System Usability Questionnaire to validate
the SUS scores or provide additional insight into the user experience. To provide addi-
tional subjective insights, few studies included an interview at the end of the experiment
to identify usability issues that the questionnaires did not capture.
Objective measures of usability often included an analysis of communication logs with
the CUI. They identified if tasks were completed correctly, as well as how long it took
to complete tasks. Conversational logs have not been used to measure satisfaction with
the CUI. Therefore, all studies that analyzed conversation logs used questionnaires to
subjectively capture other usability aspects included in the ISO definition of usability.
Very few studies objectively measured observational aspects to determine usability with
CUIs. One study did use an objective technique but could not produce enough data to
identify usability patterns.
Given that there was no specific ISO standard that identified measures to use when
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evaluating CUI usability, it was expected to find varied CUI usability evaluation methods
in the literature. However, some reviews of CUI usability measures done by Ren et al
[97] and Abd-Alrazaq et al [88] stressed that there is a clear need to standardize objective
measures for healthcare CUI usability [88, 97]. This is critical for comparing performance
and suggests that CUI researchers should increase their use of conversation logs for this
evaluation [88, 97].
The previous studies that measured CUI usability relied on subjective measures through
the use of questionnaires. Most studies also involved a developed CUI where a participant
could interact with the system. Research that used objective measures relied on conversa-
tion logs after completing the experiment. There was limited successful research done on
measuring usability by observing participants interact with the CUI during an experiment,
and qualitative interviews drove no research. This indicates an opportunity for future
research to find novel ways to understand usability through in-depth interviews.
2.6.7 Conclusion
The integration of CUIs into graphical user interfaces and other applications is grow-
ing in prevalence and can be an effective way for humans to interact with information.
In the healthcare context, the literature has identified that significant research has been
conducted to develop CUIs to improve the patient experience with healthcare information.
Despite the growing integration of CUIs in healthcare, there is an increasing need to further
understand this technology’s usability, given that healthcare is a safety-oriented domain.
Current research methods to evaluate usability are varied across the current literature. De-
spite there being an ISO standard for usability and several validated subjective measures,
there are no standardized CUI usability measures in healthcare, to inform the design and
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development of this technology.
Current research has identified varying degrees of effectiveness with subjective and
objective usability measures for evaluating CUIs. While many studies successfully employ
subjective measures to understand usability, few studies use objective measures such as
the conversation log with the CUI to measure usability. Fewer studies use observational
data, and no studies explore the potential usability based on rich, qualitative interviewing
methods. Future research can meaningfully benefit by combining subjective questionnaires
with detailed interview data to understand the potential usability of CUIs in healthcare




Buckley and Chiang have defined research methodology as “a strategy or architectural
design by which the researcher maps out an approach to problem-finding or problem-
solving” [98], and that choosing a methodology is dependent on the characteristics of the
research problem [99]. One methodology of choice is mixed-methods research:
“The class of research where the researcher mixes or combines quantitative and
qualitative research techniques, methods, approaches, theories and or language
into a single study” [100, p. 120].
As a result of the background and literature review described in Chapter 2, the re-
search conducted for this thesis uses mixed-methods to approach the design of a VA for
complex home care. This approach’s objective in this research is to build a foundation
for understanding the current processes of home care concerning information management
and communication and the perceived usability and adoption of VAs in this complex do-
main. As this is a relatively new field with limited existing literature, qualitative research
methodology is considered a suitable approach [101]. Combined with quantitative meth-
ods, mixed-method research can capture both generalized and nuanced perspectives from
a diverse population to inform design [102].
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3.1 Study Design & Participants
There are four parts to the exploratory, mixed-method study that were included in this
thesis: (1) caregiver demographics, (2) caregiver work domain, (3) caregiver experiences
with VAs, and (4) caregiver expectations for VAs in a home care context. To examine
the diversity of home care experiences and VA perspectives, this study included family
caregivers and hired caregivers. Specifically, family caregivers were included for CSHCN as
well as older adults with complex healthcare needs. Hired caregivers included individuals
that were employed either by an agency or a family caregiver, to provide healthcare services
in someone’s home environment. The primary methods used for data collection in these
four parts of the study were interviews and questionnaires.
Participants were recruited online between June 28th and September 25th, 2020. Snow-
ball sampling was employed to recruit some of the participants, where at the end of the
interview, participants agreed to share the research study with their acquaintances who
met the eligibility criteria for participation [103]. Given the COVID-19 pandemic it was
difficult to recruit participants who were providing home care, as they did not have time
to participate while caring for someone with complex medical conditions along with navi-
gating the complexities of working from home. Snowball sampling can impact the random
sampling of the study [103]. However, snowball sampling is especially advantageous for
exploratory research, allows for studies to be conducted in areas where it may be diffi-
cult to recruit participants, as well as supports the discovery of unique characteristics of
participants in a population that would otherwise be difficult for the researcher to recruit
[103, 104]. While snowball sampling is often criticized for not being generalizable to a
population as the sampling is not random, the objective of qualitative research is to gather
diverse perspectives and explore a central phenomenon [104].
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In total, we interviewed 22 caregivers who provide care services in complex home care.
Specifically, we recruited seven family caregivers of CSHCN, nine family caregivers of older
adults with complex health conditions, and six hired caregivers of older adults with com-
plex health conditions. Due to the COVID-19 pandemic, all participants were interviewed
virtually in their home or their workplace. The first part of the interview focused on un-
derstanding the caregivers’ background and the home care situation where they provided
care. The second part of the interview captured the caregivers’ work domain concerning
managing and communicating information and care responsibilities in their home. Par-
ticipants were explicitly asked to describe how they navigate caring for someone in their
home, communicate with other caregivers, and the factors that influence their home care
environment. The third and fourth parts of the interview focused on identifying partici-
pants’ everyday experiences interacting with VAs and their expectations for VAs to support
information management and communication processes.
At the end of the interview, the participants completed 12 Likert-scale questions about
their expectations for VAs in a home care context and were asked to respond on a seven-
point scale verbally. Participants were additionally provided with the opportunity to qual-
ify their selections on the Likert-scale. The study materials, including the information
and consent letters, recruitment materials, interview script, questionnaire, and thank you
letter, can be reviewed in Appendix A.5.
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3.2 Data Collection Methodology
3.2.1 Semi-Structured Interviews
Interviews are the most common qualitative research method that can provide a rich under-
standing of a phenomenon being explored [105]. Semi-structured interviews are a hybrid
approach to interviewing that combines the benefits of structured and unstructured meth-
ods [105]. According to Corbin, the benefits of structured interviews are that they provide
a specific guideline for the interviewing researchers to follow. They can address specific re-
search questions through both open-ended and closed questions and work particularly well
with large sample sizes when there is more than one interviewer [106]. However, structured
interviews fall short on flexibility. They do not readily permit a researcher to dive into
new concepts that sometimes emerge during an interview and prevent the researcher from
exploring potential interesting topics about a participant’s response that are not directly
related to the research question [106].
According to Gray, the benefits of unstructured interviews allow a researcher to direct
the interview and explore various aspects of the interviewees’ thoughts and experiences.
These interactions are more representative of a natural conversation with some control
[107]. They allow for adaptions to occur as necessary during a participant’s interview as
well as permit probing questions [107]. The drawback of this interview style is that without
structure, the resulting data among several participants may be challenging to analyze
if multiple interviewers are conducting independent interviews [107]. By combining the
benefits of structured and unstructured interviews, semi-structured interviews have the
advantage of a structured protocol with the opportunity to explore participant’s responses
in greater detail if needed.
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3.2.2 Questionnaires
Questionnaires provide a subjective, quantitative result that can be analyzed using statis-
tics and other numerical methods, resulting in a generalized indication of a study topic.
While several established questionnaires were used to evaluate user experience with tech-
nology, this study employed a custom questionnaire for exploring participant perspectives
about VA design based on prior literature as none currently exist.
The purpose of the questionnaire in this study is to quantitatively measure caregivers’
perspectives about VA design features to inform adoption, as well as encourage additional
insights into the qualitative understanding of participant’s unique viewpoints. As summa-
rized in the Handbook of Survey Research, 2010, optimal questionnaire design involves
the use of simple language and syntax, avoids ambiguity, strives for specific wording,
provides an exhaustive list of mutually exclusive options, and avoids loaded questions,
double-barreled questions, and questions with double negations [108]. This handbook’s
authors suggest these recommendations based on the complex cognitive processes involved
with question answering that include interpreting, memory searching, integrating, and re-
sponding. However, these common recommendations are often applied for questionnaires
conducted without face-to-face interaction with the researcher or anonymously through
crowd-sourcing platforms.
In this study, the questionnaire is conducted over a video calling platform, providing
face-to-face interaction with participants. This mode has been suggested as a preferred
mode for conducting a questionnaire, especially for participants who are above the age
of 65 [109, 110]. While the questionnaire designed for this study addresses most of the
recommended factors for optimal questionnaire design, some of the questions may require
participants to think deeply before responding. However, when conducted face-to-face,
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there may be greater flexibility for using cognitively challenging questionnaires. Bowling
suggests that face-to-face questionnaires may provide the least cognitive burden for par-
ticipants as long as they are also provided with a visual response scale. This may be
a result of shared cognitive resources between audio and visual perception. Face-to-face
questionnaire methods also allow participants to ask the interviewer to clarify the question,
which supports cognitive processes involved with question answering and the quality of the
response [109]. Face-to-face questionnaire administration may build rapport between the
interviewer and interviewee to support genuine responses from the participant [109]. How-
ever, it is important to consider the potential for social desirability bias when conducting
a face-to-face questionnaire [109].
3.3 Data Analysis Methodology
3.3.1 Qualitative Analysis
Qualitative research in the context of interviews is described by Seale et al [111] as the
interaction between the interviewer and interviewee about a topic to produce rich data:
“Interviews are, by their very nature, social encounters where speakers collab-
orate in producing retrospective (and prospective) accounts or versions of their
past (or future) actions, experiences, feelings and thoughts” [111, p. 16].
For analysis, Seale et al [111] explain that interview data examination is focused on
“what actually happened”. Two commonly used approaches to qualitative data analysis are
(1) Theoretical, and (2) Inductive [112]. Theoretical thematic analysis grounds the data in
a philosophical position or framework and often provides a means for identifying concepts
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that are not common-sense and would otherwise be ignored [111]. Inductive thematic
analysis is not guided by theory and is strictly directed by the content of the data [111].
Seal et al [111] argue that both approaches can produce high-quality findings if they are
appropriately applied to the type of research being conducted.
The most commonly used method to analyze qualitative data is called ‘coding.’ Saldana
describes a ‘code’ in the context of qualitative data as the following:
“A code in qualitative inquiry is most often a short phrase that symbolically
assigns a summative, salient, essence-capturing, and/or evocative attribute for
a portion of language-based or visual data” [113, p. 4].
Beyond naming categories in the data, coding is a much more involved process that
requires a deeper understanding of the data. It requires identifying the conditions, interac-
tions among the actors, strategies and tactics, and consequences of capturing the emerging
themes from a participant’s responses [114]. For example, coding can be further divided
into several specific methods that can be employed to reveal a deeper understanding of the
data. One example is ‘process coding,’ which involves creating words with ‘-ing’ endings
to describe an action in the data [113]. This coding method is particularly applicable for
studies that aim to understand “the routines and rituals of human life” for problem-solving
[113]. Another example is the method of ‘values coding,’ which are codes that “reflect a
participant’s values, attitudes and beliefs, representing his or her perspectives or worldview”
[113]. Although there are many specific coding methods, their purpose is not to use them
as the sole approach but to use them as a potential lens for analyzing data [113].
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3.3.2 Rigor in Qualitative Research
With the subjective nature of qualitative research, and despite being recognized as a vital
tool, the quality of this research methodology has been a controversial topic amongst
researchers [112, 115]. One of the primary approaches to achieving rigour in qualitative
research is saturation [115]. However, saturation can be achieved through more than one
avenue, for example, through the number of participants or by code saturation [115]. While
not always the case, sample sizes as small as six participants can be justified to provide
sufficient data to develop meaningful themes when the sample size is diverse [116, 117, 118].
For example, when participants are from a specific demographic such as caring for a child
with a medical complexity, where they come from unique backgrounds as a result of their
child’s condition and the subsequent experiences they face to provide care [119]. In research
with small sample sizes, generalisability is often not the primary objective, but rather to
explore behaviour and in-depth understandings on participants’ views and perspectives
[120]. However, results of small sample sizes can be generalized when sufficient participant
demographic data is provided [119]. With respect to code saturation, when there are no
new codes identified amongst a set of interviews [119], saturation might depend on the
order that the interviews are conducted in [117]. However, when sample sizes are small, it
is generally feasible to analyze all interviews to ensure saturation in the analysis.
3.3.3 Triangulation Design
There are four major types of mixed-methods designs: Triangulation Design, Embedded
Design, Explanatory Design, and Exploratory Design [121]. As one of the most commonly
used approaches for validating research findings, Triangulation Design was used in this
research:
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“Triangulation seeks convergence, corroboration, and correspondence of results
from the different methods” [122, p. 62].
Triangulation Design aims to collect data about the same topic that is complementary
yet different to support the strengths and weaknesses of more than one method [121].
Triangulation Design combines qualitative and quantitative methods simultaneously in a
study with equal weighting [121]. One traditional variant of the Triangulation Design is
collecting and analyzing data about the same topic independently and then converging
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Family caregivers of children with special health care needs (CSHCN) are responsible for
managing and communicating information regarding their child’s health in their home.
While family caregivers currently capture information through non-digital methods, digi-
tal healthcare applications are a promising solution to support standardizing information
management in complex home care across their child’s health care team. However, fam-
ily caregivers continue to use paper-based methods where the adoption of digital health
tools is low. With the rise in home care for children with complex health care needs, it
is critically important to understand the caregiving work domain to inform the design of
technologies that support child safety in the home.
Objective
The objective of our study was to understand how family caregivers navigate information
management and communication in complex home care for children with special health
care needs.
Methods
This research is part of a broader study about the perspectives of caregivers across North
America on integrating and designing digital health tools for complex home care. We
conducted semi-structured interviews with family caregivers of children with special health




We collected data from five Canadian and two American family caregivers and identi-
fied five themes. First, family caregivers were Continuously Learning to Provide Care.
They were Updating the Caregiver Team on their child’s status and Teaching Caregivers
about their Care Situation. As caregiving teams grew, they found themselves working on
Communicating with their Child’s Educators. Beyond the scope of managing their child’s
health information, family caregivers were additionally Navigating Bureaucratic Processes
for their child’s home care.
Conclusions
Family caregivers’ experiences caring for CSHCN differ geographically and evolve as their
child’s condition changes and they grow towards adulthood. Family caregivers recorded
information using paper-based tools, which did not sufficiently support information man-
agement. They also experienced significant pressures in summarizing information and co-
ordinating two-way communication about the details of their child’s health with caregivers.
The design of digital health tools for complex home care may improve care coordination if
they provide an intuitive method for information-interaction yet provide significant utility
by delivering situation-specific insights and adapting to unique and dynamic home care
environments.




Caring for children with special health care needs in a home environment involves several
complex processes, significant use of health care services, dependence on medical tech-
nology, and increased responsibilities for sharing information by the family caregiver [25].
Mapping the interconnections for the most complex CSHCN reveals multilayer interac-
tions and operations between several systems and subsystems of the health care system,
all of which encompass the family caregiver and their child. These systems include but are
not limited to the child’s medical teams, physical and psychological development teams,
diagnostics teams, educational teams, and other medical supports [25].
Home care is considered an ideal environment for CSHCN [25, 26]. In hospitals, the
risk of errors and adverse events for children with complex health needs who require sup-
port through medical technology, enteral feeding, complex medication regimens and mental
health services is significant [26]. However, the available technologies, services, and policies
designed to assist family caregivers in coordinating care in a child’s home do not currently
meet their needs [25, 123]. Non-digital documentation methods that caregivers use create
increasing amounts of physical health data in the home, potentially leading to errors, ad-
verse events, and rehospitalizations due to the communication challenges and information
management limitations associated with manual record keeping [124].
While literature identifies a need for developing an electronic health record for orga-
nizing, integrating and communicating health information in complex home care [25], the
development of electronic health records remains a fundamental challenge for complex
home care [55, 125, 126, 127, 128, 129]. Paper-based records continue to be used as there
are no substantial digital technologies available that are as flexible and reliable [11, 130].
In the context of interoperability in healthcare, the goal is to “deliver information when
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and where it is needed” [130]. However, when billions of documents are still being created
on paper, it becomes challenging to collaborate in real-time, find information, and analyze
and understand its meaning [130].
Personal electronic health record applications and online portals connected to hospitals
or home care agencies can improve the organization and communication of health infor-
mation across caregiver teams [14]. Unfortunately, caregiver engagement with these tech-
nologies is low. Annual adoption rates for online portals ranges from 5-12.4% [13, 14]. The
currently studied digital healthcare technologies do not encompass caregivers’ complete
information needs [131, 132, 133]. Also, interacting with these tools is often associated
with challenges that involve visual hierarchies of information, increasing the interaction
burden [11]. With their limited engagement in emerging digital health tools to support
home care, caregivers do not experience the potential benefits of improving home-based
health management and communication [14, 134].
Understanding the complex work domain of family caregivers who provide home care
services is critically important given the increasing lifespans of CSHCN and the growing
prevalence of home care [4, 9]. Few studies have investigated the potential engagement
and impact of novel home care technologies to support caregivers, and, to the best of
the authors’ knowledge, there is limited understanding of how family caregivers navigate
information and develop their management and communication processes. To support
the design and refinement of digital health tools that can be integrated to intentionally
facilitate better communication, improve the sharing of health-focused information and
ultimately contribute to improving home care, this study captures the diverse experiences




This research is part of a broader mixed-method study on the design of digital technology
to support caregivers in complex home care. The extensive study involves interviews,
surveys, and a modified Wizard-of-Oz interaction with caregivers. The focus of this paper
is to address the gap around the experiences of family caregivers of CSHCN. We conducted
qualitative, semi-structured interviews and used inductive thematic analysis to analyze the
interview data [112].
This study was conducted remotely across North America to capture caregiver perspec-
tives in Canada and the United States of America (USA). This research received ethics
approval from the University of Waterloo.
4.3.2 Eligibility Criteria
Eligible participants were 18 years of age or older and a family caregiver for CSHCN in
their home in North America. In the context of this study, CSHCN included children who
had any combination of the following: chronic conditions, mental health issues, medication-
related problems, and social vulnerability. A family caregiver was anyone who provided
or coordinated care for CSHCN; they assisted the child with medication, feeding, medical
treatments, medical technology use or other health-related tasks in the home.
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4.3.3 Recruitment
COVID-19 restrictions led to a fully online recruitment between June 28th and September
25th, 2020. Hospitals, home health care and caregiver support agencies or groups via email
and social media platforms such as Twitter and Facebook were contacted, then snowball
sampling was done from existing contacts. Study participants were sent a thank you letter
for their participation after the study, and no remuneration was given for participating.
4.3.4 Data Collection
Two researchers (RT, KM) conducted the interviews. Microsoft Teams was used to record
the interviews, and only the audio-recordings were used for transcription. One of the in-
terviewing researchers is an experienced interviewer and qualitative researcher (KM), and
the other is a MASc candidate in Systems Design Engineering with prior experience con-
ducting interviews (RT). After each interview, field notes were completed. There were two
parts to this exploratory qualitative study: (1) caregiver demographics and (2) caregiver
work domain. Participants were interviewed over video from their homes where they pro-
vide care for their children. The first part of the interview focused on understanding the
caregivers’ background and their home care situation. The second part of the interview
captured the caregivers’ work domain to manage and communicate information and care
responsibilities in their home. The interviewers asked the participants to describe how
they navigate caring for someone in their home, communicate with other caregivers, and
the factors that influence their home care environment.
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4.3.5 Data Analysis
The interview data were analyzed by means of inductive thematic analysis using the fol-
lowing steps: (1) The interviews were transcribed verbatim; (2) members of the research
team read the transcripts and listened to the audio recordings to familiarize themselves
with the data; (3) core team members thematically coded the data; (4) initial codes and
themes were developed; (5) the data were presented to the full team for discussion and
refinement. Data were stored and organized using QSR NVIVO 12 and Microsoft Excel
2021. All names and identifiers were made anonymous during the transcription process.
Triangulation of the data was achieved using various geographic areas, multiple coders, and
a multidisciplinary team of researchers interpreting results. Data saturation was reached
after analyzing the first four interviews when no additional themes were identified. To
confirm data saturation, the data from three additional participants were analyzed.
4.4 Results
4.4.1 Study Population
Seven family caregivers of CSHCN participated in this study (Table 4.1). Two family care-
givers participated from the USA, and five family caregivers participated from Canada. Of
the participants from Canada, 80% (4/5) were from Ontario. The youngest participant
in this study was 33 years old, and the oldest was 40 years old. All participants identi-
fied as female, and the caregivers’ experience providing care in their home for their child
ranged from 4-18 years. Although small sample sizes may not completely generalize to
larger populations, the objectives of this study were to explore the experiences of a diverse
group of participants based on age, caregiving experience, and location, which lead to the
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Table 4.1: Participant demographics and caregiving characteristics (n=7)
Characteristics Family Caregivers







Ontario, CA 4 (57)
Alberta, CA 1 (14)
Missouri, USA 1 (14)
Minnesota, USA 1 (14)





development of meaningful themes regarding information management and communication
in this complex healthcare domain.
4.4.2 Thematic Analysis
The coding conducted by the research team led to the identification of 46 codes (Table
4.2). The list of codes was developed into five themes and four subthemes describing the
information management and communication processes of family caregivers of CSHCN in
a home care domain.
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Table 4.2: Themes in communication and management of information in home care
Themes Subthemes Codes
• Continuous Learning to • Connecting with other families
Provide Care • Learning from health care professionals
• Learning from therapists and technicians
• Learning from training
• Learning about medical technology
• Learning by observing
• “Figure it out on my own”
• Navigating through information for complex children
• Learning what to do in emergencies
• Learning procedures
• Updating the • Maintaining Records • Physical documentation
Caregiver Team • Identifying patterns
• Burden of documentation
• Documenting vitals, health status, and medications
• Documenting holistic aspects of care
• Documenting equipment settings
• Desire for digital records
• Adapting documentation as a child’s condition changes
• Transparency of record-keeping
• Concerns for information security
• Desire to ease record-keeping
• “Sharing the Right Information with • Posting information around the home for other caregivers
the Right Person at the Right Time” • Feeling pressure
• Financial consequences
• Communicating with health care professionals
• Ensuring situation awareness
• Summarizing changes
• Memorizing information
• Strategizing Care with the • Sharing recent health information
Caregiver Team • Troubleshooting health care issues
• Identifying appropriate therapies and treatments
• Teaching Caregivers about • Teaching through documentation
their Care Situation • Requiring background knowledge of caregivers
• Sharing their child’s journey
• Sharing care expectations for home care tasks (e.g. feeding)
• Communication Challenges in • Struggling with the consensus of caregiver training
Teaching Caregivers • Effectiveness of training
• Trust in caregivers
• Communicating with their • Receiving health updates from the school
Child’s Educators • Creating health care tracking documents for the school
• Navigating Bureaucratic • Information transfer to governing bodies
Processes • Caregiver scheduling
• Negotiating caregiver hiring
• Acquiring funding
• Documenting caregiver information
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4.4.3 Continuous Learning to Provide Care
Family caregivers of CSHCN explained that they were continuously gathering information
to learn about their child’s condition and then applying this knowledge in their home.
They explained that they collected information from various sources, including trained
professionals (3/7, 43%), media such as books, videos and other documentation (4/7,
57%), through observing other caregivers (2/7, 29%), and from family caregiver networks
that connected them with caregivers of children with similar conditions (2/7, 29%).
At the onset of navigating through their home care situation, P1 and their caregiver
team of nurses received specific medical information and training from their local children’s
hospital.
As soon as we got our team hired, we were able to send them all to [the hospital]
for training, which is where my husband and I had to pass a course. . . to
basically show we could save our [child’s] life before we were discharged from
the NICU. (P1)
However, with the uniqueness of CSHCN conditions and treatments which can some-
times be rare and difficult to diagnose (4/7, 57%), the family caregivers in this study had
varied experiences concerning the professional training or resources available to them.
There’s only one type of parenting guidance that’s out there. [Having a] child
with all these complex needs. . . and you are expected to just know how to
navigate or facilitate your way through all of it. (P4)
The family caregivers who did not receive specialized training relied on their observation
skills to mimic the required processes they saw in clinics or hospitals:
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With our suction machine, when we initially came home with it, the day of
discharge from the hospital, I was handed the suction machine, “Here’s your
machine. Go home bye”. Nobody showed me. . . I have never seen a user
manual for those things ever. . . At that point, I had gotten used to seeing them
at the hospital. . . the wall-mounted suction machines. I kind of had a basic
idea. . . Like, “OK, can somebody at least show me how to turn it on?” (P5)
Family caregivers who communicated online with caregiving networks described that
these were a tool to reduce their reliance on their healthcare team. They used this network
to discuss their concerns and work together with others whose children had been through
similar experiences:
I get a lot of information from a mom’s group. . . You don’t necessarily want
to be calling the clinic every time something comes up. . . unless it’s serious. . .
So, you know, we might say, “Oh, I noticed she’s starting to get stomach aches.
What has the group seen?” That kind of thing. It also helps us to try a few
things before we call the clinic and say, “She’s experiencing these symptoms.
We’ve already tried X, Y and Z,” which those X, Y and Z I usually get from
the mom’s group, for things that they’ve gone through similarly. They’re the
people who know, they’ve been there. (P3)
4.4.4 Updating the Caregiver Team
Family caregivers of CSHCN are often the primary knowledge holders for information
about their child [135]. In this study, each participant discussed the pressure to maintain
awareness of their child’s history and current health status among all caregivers to ensure
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that their child received the best possible care. Their communication responsibilities are
summarized with the following subthemes: Maintaining Records ; Strategizing Care with
the Caregiver Team; and ensuring that they are Sharing the Right Information with the
Right Person at the Right Time.
Maintaining Records
A critical process that family caregivers carry out to update their caregiver teams is doc-
umentation. Every caregiver in this study implemented paper-based documentation at
the start of managing their child’s condition and recorded information such as vitals and
medications (5/7, 71%), the status of their child’s life-supporting equipment (2/7, 29%),
or other holistic aspects such as behaviours and feelings (2/7, 29%). There were three
caregivers (43%) who continued to record detailed information about their child in paper-
based records every day, with children aged 4 to 13 years at the time of this study. The
other caregivers (4/7, 57%) documented health information infrequently.
Retaining the detailed information about their child’s care was a burden for the fam-
ily caregivers in this study who were documenting every day, which was apparent when
they described having to continuously condense and summarize this knowledge for other
caregivers. For example, P4 expressed the challenges associated with the amount of infor-
mation that they had retained and the impact that this had on the expectation for them
to remain the primary knowledge sharer in their caregiver team:
There are always people added and incoming, and it seems like it’s always on
the parent to fill in the next carer, the next professional, on what’s going on and
answer their questions of what they may have from the previous professional.
And it all comes down to the whole concept of the parent is the expert in their
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child. . . But we shouldn’t have to be that role all the time, and that’s very
frustrating. . . We have team meetings at the school once a month with teachers
and board members and all that stuff, and I’m expected to like come in with my
binders of information and fill them in on everything that’s happened in the last
month. . . It’s crazy exhausting. It was stressing me out considerably. (P4)
Maintaining their child’s health documentation in the home was not a responsibility
that some of family caregivers in this study mentioned carrying out on their own. Multiple
caregivers (4/7, 57%) described sharing documentation responsibilities with other care-
givers and developing methods to ease their documentation processes through checklists
and sign-off sheets.
I also have a binder that I, well, technically, I have three, but let’s not get
carried away. I have one I call [my child’s] Bedroom Binder. And in [my
child’s Bedroom Binder] is the medication schedule and a check-off or a sign-
off sheet so on every day of the month there is an opportunity to sign off every
medication dose that [my child] receives that day, who gave. . . (P2)
I would just have them like do a little checklist so that they wouldn’t forget to
do a med or something like that. (P7)
There were no participants in this study who used a digital health tool to document
and track information, despite their excitement and hope towards digitizing their current
routines. One participant (P6) used a Google Home voice assistant to remind their child
about medications and appointments. Another participant (P2) explicitly expressed frus-
trations with a software application that they tried to use to support the management of
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care information in their home. However, the associated steps involved with navigating
the application and the limited customization rendered it useless:
One of the most annoying things about it is it’s an app on my phone, and I
have to sign into it every time I click on it. It pisses me off... I actually don’t
use this because it doesn’t accept a couple of [my child] ’s diagnoses. It doesn’t
recognize them. It doesn’t recognize some of his medications, and it has rendered
itself useless because these are [the] things we do every day... I had pretty high
hopes and was really excited. And I’m just really frustrated and disappointed
that it’s not what I wanted it to be. (P2)
Strategizing Care with the Caregiver Team
Along with providing care, participants described that their caregiver teams were also
responsible for supporting the development and implementation of strategies to improve
care quality in their homes. Capturing their child’s health information was a critical step
in the process of strategizing care, where many family caregivers in this study (5/7, 71%)
explained that they provide their caregiving teams with the necessary details to identify
correlations and patterns in their child’s health.
When [my child] sees the complex care team at [the children’s hospital], we’ll
take the chart with us if we need [the] clinicians to troubleshoot something with
us. (P1)
Between school and home, and for behaviours and possible seizures, we were
recording [them] so we could take it to the doctors. . . I wasn’t there [at school],
and I was just trying to go by [what their educators were saying] (P6)
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“Sharing the Right Information with the Right Person at the Right Time”
A factor related to the documentation and communication of health information about
their child was sharing the right information with the right person at the right time. The
caregivers in this study expressed the demands and consequences associated with properly
filtering the large amount of information they had to ensure that they shared the necessary
details with those who need it:
I think that remembering to share the right information with the right person
at the right time in the right way so that they hear what they need to hear so
that they will be willing to help us is the precipice of my existence. . . I feel that
pressure in every conversation I have about [them]. (P2)
The financial consequences of remembering to share specific details with the right person
at the right time also impacted family caregivers’ stress (2/7, 29%):
If we go into an appointment with a physical medicine specialist and I forget to
tell [them] that [my child’s] got really good range of motion in [their] feet, so
[they] only needs rigid AFOs. . . I can miss getting that prescription for AFOs.
And without that prescription, I can’t get them covered or made because vendors
in this area won’t even make you a pair of AFOs if you don’t have government
funding. (P2)
4.4.5 Teaching Caregivers about their Care Situation
Information management and health communication played an essential role for family
caregivers who discussed teaching and training caregivers about their home environments,
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care plans, and specialized medical technology, which took time away from their child’s
care (6/7, 87%). Participants expressed that they needed a range of three to 80 hours to
train each new caregiver. One participant (P2) explained that they often needed to train
new caregivers every six months.
To support caregiving education and ensure that the caregivers in their home under-
stood the nuances of their child’s care needs, the family caregivers in this study developed
their child’s health care information into teaching materials, documentation, and training
methods. Among several binders that P2 created in their home, one binder was specific to
teaching other caregivers how to communicate with their child effectively:
[The] binder also has stuff about basic communication with [my child], and I
have developed what I call a gesture dictionary. . . I start [my hired caregivers]
with that piece right away: “You need to read this. You need to reference it
when you can’t figure out what [they’re] telling you. This is really important.”
(P2)
Along with physical documentation, the family caregivers in this study also relied on
in-person training to communicate their home care’s subtle nuances.
Picking up on [my child’s] little signs that [they do], that’s where... I have to
tell them cause... that’s kind of hard to have it written down. It really is a
show-and-tell. . . you have to hear it to understand it. (P5)
And it’s trying to teach the workers how to tell the difference between “I don’t
want to” versus “I can’t.” (P6)
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While sharing the information related to their child’s care and the specific processes
involved was one aspect of their training, one caregiver specifically expressed the additional
importance of communicating their child’s growth:
The information I always wanted to share is where [my child] has come from. . .
The fact that [they were] in a vegetative state for the longest time, [they] couldn’t
walk, [they] couldn’t talk, [they] couldn’t do anything and now [they run], [they
do] track and field, [they play] basketball, [they] can talk... [They] can do a lot
of stuff. . . I think it’s important for people to always know where you’ve been.
(P6)
Communication Challenges in Teaching Caregivers
Despite the family caregivers’ resiliency in this study, they still experienced communi-
cation challenges in their roles as caregiving educators (3/7, 43%). This was especially
evident when participants expressed the challenge of training caregivers who already have
a knowledge base and their own best practices:
Someone who has a willing heart, and mind, and a desire to look upon our
world is easier to train than an HCA or LPN that’s worked in the field, in
institutions, for ten plus years because they’ve got patterns and rhythms and
things that are important to them that I’m not really bloody interested in having
in my home. (P2)
P6 described the challenge of their hired caregivers being receptive to the training and
their child’s specific needs:
64
...and the information that you’re willing to accept, right? Like I can train you
on how to do a transfer 100 times, but if you’re not receptive to the training,
you’re going to do it the way you want to. (P6)
The effectiveness of their training was an additional concern for the participants in this
study. They expressed uncertainty about knowing if their caregivers applied their training
knowledge appropriately to provide care for their child.
I have several women that work for me who have no medical background at all. . .
I can explain to them why I want them to do this, and they don’t really get it.
They don’t understand contamination. . . And I don’t know how to effectively
explain that to people and get them to work through it. That’s really difficult.
(P2)
Their inability to trust that their training was being implemented was one reason P7
no longer hired care:
I cannot trust people to do things or do it right or make the right decision. And
even if they can’t make the right decision. . . just knowing to call me. Some of
the times where they brought [my child] to the hospital when [they] didn’t need
to go to the hospital, and they brought [them] to the wrong hospital rather than
just calling me and asking. . . (P7)
4.4.6 Communicating with Educators
Family caregivers of CSHCN attending school often had the additional challenge of navi-
gating communication methods and information management with their child’s educators
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(3/7, 43%). Sharing information with their child’s school was by verbal communication
in-person or by phone and through written notes or email. Some family caregivers in this
study experienced difficulties with receiving valuable information to track how their child
was developing in order to continue to build on this development at home:
Who [my child is] at school is. . . very different. . . than who [they are] at
home. . . We need to know what’s going on there so we can mimic here. . . How
did we get to this year with this many children who have needs and their people
still don’t understand how to do the these communications. . . (P4)
The technologies used to support the sharing of information between their child’s edu-
cators were not consistent. Caregivers described different methods that educators used to
collect and transfer information about their child, which raised concerns for their child’s
safety.
It’s a verbal chat, or it’s an email or... we have been using emails more often
because I don’t answer my phone anymore. . . I like to have things written down.
Or there’s like a scrap piece of paper in [their] lunch pail or something. . . I do
know now with the different portals, and stuff that different doctors have would
have been easier in the moment. . . I had three adults that were being paid. . .
[my child’s] school supports. . . videotaping [my child] and walking around with
that on their cell phone. So, there’s no security or confidence that. . . it just
opened up a whole can of worms. Or it had a potential of opening up a whole
can of worms, but it’s all we had. . . If there were secure ways of doing it, it
would have been a little bit safer. (P6)
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In other situations, the family caregivers in this study (2/7, 29%) requested that their
child’s educators continue to track their child’s health care metrics using their personally
designed tracking sheets:
You would think - and there’s only like four to six kids in [their] class - you
would think that [their] teacher would be able to like fill out a quick form. . .
but she never did it. So, then I realized like “OK, maybe it’s because she feels
like it’s too much work,” so I altered it to just be. . . kind of the general just
circle it... So, the more people have to fill out, the less likely they are to do it.
That’s what I’ve realized... People are lazy, is what I’ve learned. [laughs] Even
the really good ones. She’s a fabulous woman, but like they’re still lazy. (P7)
Another family caregiver used a communication book, yet, despite their child’s edu-
cators writing in them, the information did not provide insight into their child’s care or
development.
[Their] communication book would come back, and it would be like, “today [they]
had a great day.” (P4)
4.4.7 Navigating Bureaucratic Processes
Although not directly related to health information management, navigating the manage-
ment of their child’s information with the bureaucracy of home care was a process that
added another level of complexity expressed by some family caregivers in this study (2/7,
29%). Family caregivers expressed their responsibility to organize the necessary paperwork
to have hired caregivers, such as scheduling, timesheets and payroll.
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The main criticism of the family-managed home care program is the amount of
paperwork that’s required of families. But now that we’ve been doing this for
two years, between my husband and I, it may take two to three hours a month
to do payroll and the paperwork. (P1)
Payroll is something that I have kind of hired out, so I have to make the schedule
and tally the timesheets, but then I have a really lovely company that I’ve been
interacting with since day one, and they have saved my butt more times than
I can count, and they charge me a nominal [fee], and they do all of my EI
and CPP, and they interact with the CRA on my behalf. They interact with
WCB on my behalf. I send them signed checks. This is how much I trust this
company, and they have never done anything wrong. If anything, they have
saved my butt. (P2)
4.5 Discussion
4.5.1 Principal Findings
This study examines how family caregivers navigate information and the processes involved
with health communication in complex home care to support designing digital health infor-
mation systems. Family caregivers of CSHCN are an underserved population with respect
to the tools available to support them with managing their child’s healthcare in their home
[11]. Given that children with medical complexities account for one-third of all healthcare
spending on child health in Ontario, Canada, it is critical to understand their experiences
to inform the design of information management tools [136].
68
4.5.2 Differences in the Social Contexts and Healthcare Systems
for Home Care Delivery
The context of family caregivers’ social atmosphere and their health care system, which
may be influenced by the political factors associated within their geographical regions, plays
a role in family caregivers’ home care experiences in this study. The social determinants
of health have been shown in prior literature to influence inequities in our healthcare
system [137]. There is also the need to use digital health tools to better account for
these inequalities in our healthcare system in clinical settings [137]. As observed in this
study, the design of digital health technology needs to consider supporting the context of
home care. For example, for the participants in this study, information supports provided
by the health care system were either abundant or unavailable, and opportunities for
formally trained hired caregivers were readily available or non-existent. Life-supporting
medical equipment is often a significant component of complex care for families of CSHCN
[138, 139]. However, some families are not afforded the necessary instruction or formal
training and take on considerable responsibility to ensure the safe and high-quality care
of their child by learning to use these devices on their own. As Schaepe et al [24] argue,
family caregivers are necessary and provide value and knowledge to their child’s home
care. However, there are significant risks to patient safety in life-threatening situations
if family caregivers are not formally provided access to the required knowledge [24]. One
recommendation provided by Foster et al [140] is to improve home care policies for families
of children with medical complexity in the USA by including home health training through
partnerships with the paediatric healthcare systems. In the context of digital health tools,
there is potential to design information technology that can provide accessible information,
for families who otherwise do not have the means for safely coordinating home care and
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providing health services for their child, addressing some of these inequalities [137].
In the context of the social attributes for providing home care with respect to care-
giving stress and the support for caregiving services, some family caregivers share issues
around having access to medically trained hired caregivers for respite care. Keilty et al
[32] identified severe consequences for family caregivers of a child with a medical complex-
ity who experience sleep disturbance, which may be relieved by addressing respite needs.
While some participants in this study eventually received access to professionally trained
caregivers to support their 24-hour home care, others navigated the hiring process, medi-
cal training, and supervision of hired caregivers independently; one may argue that these
processes mirror those of a small business or full-time job [141, 142]. The challenge with
receiving respite care in this study was either due to limited availability of professionally
trained caregivers from local agencies or are a result of geographic location, where families
were living in rural regions where local agencies did not exist, as identified in prior work
by Weaver et al [143].
The additional challenge of training a stranger with no medical experience is an in-
equity that places considerable pressures and stress on family caregivers who may not be
in a position where they have the time, resources, and financial capacity. They are simulta-
neously maintaining the health and safety of their child while training someone about their
methods and processes for performing care. Respite care for the family caregiver may be
minimal during the period of effectively training someone with no medical experience. As
this study identifies, training a new caregiver may require up to 80 hours through several
1-8 hour shifts before the family caregiver and the trainee are comfortable caring for the
child on their own. This study further identifies that the resources provided to support
training are scarce. When they are available, the family caregiver is responsible for sharing
the materials in an organized manner to support effective and efficient learning. With the
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compounding responsibilities for care, a majority of family caregivers quit their full time
jobs to stay at home and provide for their child’s healthcare needs on their own [138].
4.5.3 The Evolutionary Home Care Complexities for Family Care-
givers of CSHCN
Information management and communication processes are dynamic for family caregivers
of CSHCN [72]. However this study identifies that family caregivers remain steadfast users
of paper-based systems which do not completely support the needs of their caregiving tasks.
As their child grows older, the types of supports they need change and new caregivers enter
and exit their child’s caregiver team. Also, caregivers continuously learn new information
about their child’s complex health condition(s). As a result, the information they track
on personally designed paper-based templates may change from recording vitals when first
providing care to recording holistic aspects of care such as behaviours and feelings. They
also design alternate versions of these forms for other caregivers to use. In some situations,
family caregivers may record information less frequently. The family caregiver may only
need to track information if their child is experiencing unusual symptoms to identify the
underlying patterns and trends and report these to their team of clinicians in an email.
Email messaging does not provide a standardized method for effectively communicating
health information, and the paper-based methods that are currently used by the caregivers
in this study to support these dynamic processes must be adapted by the family caregiver
through changing their non-standardized record-keeping templates created on a computer,
or by designing and printing new templates.
While documentation processes may change or reduce in frequency based on their child’s
evolving healthcare needs, new challenges emerge for navigating two-way communication of
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their child’s care while attending school, which has also been identified by Mikles et al [144].
Though educators are often not trained medical professionals or health communicators,
when they become responsible for supporting CSHCN in their classroom, they can be
considered part of the caregiver team. The caregivers in this study are currently using
technologies such as email, voicemail and written notes in an attempt to meet information
exchange methods between their home and their child’s school. No caregivers in this study
were using digital health applications designed to support health information management
and communication. With the technologies they were using, especially including paper-
based documents or keeping information on photo and video storage applications on others’
personal devices, there exist privacy concerns for misplacing sensitive information or for
individuals to have unlocked access to information.
Non-standardized methods of communication that do not follow defined protocols for
the type of information that needs to be shared are also associated with challenges. These
challenges include communicating health insights that provide value towards improving
the child’s care and facilitating the organization of this information for efficient access
by caregivers in the future. Although technology supports such as online portals have
been developed for securely communicating health information from hospitals and other
care facilities, and in some higher socio-economic situations there is standard physical
documentation and hand-off protocols that can be provided to a family to support the
communication of a child’s development in school [144], the general needs of family care-
givers of CSHCN to facilitate two-way communication with their child’s educators have
not been considered in the design of digital technologies.
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4.5.4 Design Recommendations for Digital Health Technology
This study identifies a significant cognitive and time burden for family caregivers of CSHCN
to accurately and concisely share complete information regarding their child’s health to
other caregivers [145, 146, 147]. Information sharing situations occur within caregiver hand-
offs in the home, at caregiver team meetings in clinics and schools, and with their child’s
doctors and specialists [144]. Digital health tools have a significant potential to reduce
the pressures on family caregivers while managing their child’s information [11, 148, 149].
With the work that family caregivers currently carry out to overcome challenges related to
the lack of caregiving support and resources, it is critical for the effective design of digital
tools to support natural interactions while providing significant utility. First, the focus
should be directed towards designs that reduce the need for family caregivers to organize
their collected information manually, and in a physical manner. Many of the current
technologies that caregivers use require manual entry of data and do not automatically
collect information. Similar suggestions have been made in the context of health insurance
tracking for families of CSHCN [150]. While systems to automatically monitor health
conditions exist such as wearable devices or other ambient, non-contact tracking systems
[151, 152], the complexity and uniqueness of CSHCNs home care with respect to the data
that’s required to track, may not always be suited to the use of these technologies. There
may also be social or economic barriers that prevent the introduction of these technologies
by family caregivers in their homes. As one example, voice interaction technologies to
collect spoken health metrics or other details may be an alternate solution to enabling
caregivers to collect information without physically interacting with a device [11]. While
the spoken information may be unstructured, the data could be effectively stored in a
structured database by the developed system.
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Second, digital health tools should provide timely access to information, insights, and
patterns specific to the context of the caregiver(s) that the information needs to be shared
with. With the cognitive burden that caregivers face to accurately share information
with others, digital tools should support caregivers to efficiently and effectively access the
information they need depending on the context of care. In the clinical setting, design
recommendations for the development of digital health technology to support healthcare
management of paediatric blood marrow transplant patients has been described by Shin
et al [147] similar to this context. While not explicitly describing how the user would
interact with the technology to access insights about health data, their results similarly
point towards the design of a digital health tool that provides general use in tracking
patient symptoms, consult visits and medications, to support the caregiver’s cognitive
load to accurately remember details [147]. Similar to providing timely access to insights,
in the context of clinical visits, Shin et al [147] also recommends providing overviews of
the visit to the caregiver in a manner that promotes both an accessible understanding
of the information to support an engaging clinic visit. To support the timely access to
information, previous recommendations have also been made for the design of digital health
technologies that facilitate document sharing between providers as well as family caregivers,
and automatically sending new information to the individuals on the care team that require
it [144].
Third, digital health tools should allow for flexibility and customization regarding the
inputs and outputs of the display to meet the needs of complex home care over time. In
a closely related caregiving domain such as child development in their educational institu-
tion, similar recommendations have been made for the design of digital health technology
to support adaptation for changing caregiving information and communication needs. For
example, the recommendations of Mikles et al [144] point towards customization of digital
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health tools in the context of configurable patient referral reports that provide customiza-
tion that is relevant to the stakeholder receiving the information, including information
such as test results, descriptions and notes, medications, languages, race and ethnicity,
care summaries, health summaries and other relevant details [144].
Finally, any developed digital health tool should offer a shallow learning curve to pro-
mote a more intuitive interaction by all caregivers who need to interact with the informa-
tion. Family caregivers already spend considerable time learning about their child’s condi-
tion and the complex medical technologies and medication regimes they require [123, 153].
Providing a tool that provides a natural interaction could reduce the learning curve re-
quired to use digital health tools, as well as support future engagement by a wider group
of users [11]. As a positive consequence, digital health tools that are easier to interact with
may subsequently be used as a channel to support family caregivers to learn about the
conditions of their child and their medical devices in a more effective manner [154].
4.5.5 Strengths & Limitations
This exploratory study captured perspectives of family caregivers of CSHCN from a diverse
group of participants, which included socio-political differences and wide-ranging caregiving
experiences grounded in factors including their caregiving experience, geographic location,
and their child’s medical conditions. Although the focus of this research was not on the
impact of the COVID-19 pandemic, there is not significant research on this area conducted
during times when caregiving practice has had to rapidly shift. Caregiver perspectives may
have been influenced by the ongoing changes happening in our world today.
The demographics were limited due to the exploratory nature and the practicalities of
conducting this study during COVID-19. While data saturation was achieved, allowing for
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the development of meaningful themes that provide a rich understanding of the experiences
of the family caregivers in this study, a larger sample size would support generalizing these
findings to a more diverse caregiving population. Future work will be able to build on
this with broader demographics, and there is potential to examine this more deeply with
different types of diagnoses, and long-term implications of changes in care.
4.5.6 Conclusions
We found that while each family caregivers in this study are facing varied experiences
managing their child’s care given their geographic location, the requirements associated
with their child’s complex medical needs, and the length of their caregiving experience,
there are subtle similarities and differences noted by their social aspects of health. This
pertains to how these caregivers manage and communicate health information given the
supports that they are provided. Our study highlights some of the underlying inequalities
in the information and caregiving supports for the family caregivers in this study based
on their social status and the influence of their social-political situations, where there is
an opportunity for digital health tools to provide support for these gaps in the healthcare
systems by addressing unmet caregiving needs for medical device information access and
training, shared awareness of their child’s health information with other caregivers, and
access to critical caregiving services such as respite care.
With the complex information processes that family caregivers of CSHCN are involved
with each day, design recommendations for developing future digital healthcare technolo-
gies point toward solutions that facilitate intuitive interactions with family caregivers while
providing them with utility through timely access to organized, context-specific data. Dig-
ital health tools for complex home care can improve the cognitive burden associated with
76
the health care tasks involved with being a family caregiver of a child with a medical com-
plexity, which may not only improve the coordination of care in their home but also their
own health. As digital health tools continue to be developed, future research should focus
on designing digital health tools in close collaboration with a diverse family caregiver de-
mographic that includes their caregiver teams, to further improve information management
and communication in complex home care that can meet the needs of a wide population
of family caregivers.
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The Complexities of Complex Home
Care: Caregiver Experiences
Managing Health Information and
Communication for Older Adults
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5.1 Graphical Overview




With the rise in home care for older adults, there is a growing need to help caregivers
manage and communicate health information to support patient safety. Designing tech-
nologies that facilitate information-interaction is a promising way to improve home care
coordination. However, the current design and implementation of technologies or other
interventions do not meet caregivers’ needs, impacting adoption. Little is known about
caregivers’ current information management and communication experiences in complex
home care for older adults. This research is part of a broader study about digital health
technology design for complex home care. We conducted semi-structured interviews with 15
caregivers in Ontario, Canada and used inductive thematic analysis to identify four themes:
First, caregivers are Updating the Caregiver Team to support situation awareness. Family
caregivers are also Teaching Caregivers about their Care Situation. While caregivers were
Learning to Improve Care & Support Decision-Making, they still experienced Conflicts
with Communication Channels. The results identify that paper-based documentation re-
mains an essential technology that caregivers adopt to support care coordination based
on its perceived ease of use and flexibility. Furthermore, there is an overlap across infor-
mation management and communication processes between different caregivers, potential
for new technologies to provide collaborative support, and challenges for integrating new
technologies in complex home care. New technologies may benefit from an interface mode
that eases the interaction with health information to influence engagement and adoption
in complex home care. Future studies should further explore the interaction characteristics
of new technologies to improve the interaction experience with information management
and communication technologies.
Keywords: Older Adult; Caregiver; Health; Home Care; Qualitative Study; Technology
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5.3 Introduction
Home care is rapidly changing our healthcare system, yet unlike those in a regulated
hospital, caregivers provide care outside a controlled environment [1, 7]. Uncontrolled
environments increase patient safety risks such as adverse events commonly associated
with ineffective communication and poor coordination among caregivers [155, 156, 157].
The proportion of home care patients in Canada and the United States of America who
have experienced an adverse event in their home ranges between 4.2-13% [124, 158]. Even
the most trained health care professionals lack the expertise required in some of the most
complicated home care situations [159, 160].
Family caregivers who spend significant time providing care for their loved ones often
feel burdened to maintain patient safety by always being present in the home [24]. Without
efficient access to information and effective communication, family caregivers and health
care professionals working in an elaborate home environment are both at risk for creating
unsafe situations for the person receiving care [24]. A Pan-Canadian home care safety
study determined that the most frequently reported adverse events are falls, medication-
related incidences, and infections [124]. Improving inconsistencies with care and preventing
breakdowns in communication could reduce the occurrence of these incidences by more than
one-half [124].
While the literature identifies the implementation of an electronic health record as a
solution to support standardizing communication across different stakeholders and pro-
viding efficient access to information, designing new technologies for home care remains a
high-potential yet socio-technical challenge [125, 126, 127, 128, 161]. Patient conditions
and health information can be highly varied and complex; their home environments are
unique and involve diverse caregiver teams; and paper-based records are one of the more
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commonly used and preferred tools to document and share health information between
caregivers [1, 11, 55].
Aspects associated with interface navigation, usability, system access and the ability to
identify relevant information within increasing amounts of data are some of many attributes
that may contribute to low user adoption of many technologies, preventing caregivers from
experiencing the value that many systems could offer [131, 133]. Implementing new tech-
nologies for family caregivers and home health agencies may foster initial engagement
during the novelty period of integrating new technology. However, without considering the
human factors of complex home care that include the ability for these systems to enable ef-
ficient interactions, effectively support health information exchange among caregivers, and
provide overall satisfaction through value, many of these high-potential tools experience a
high attrition rate [132]. This research has been conducted to understand the processes
involved with information management and communication by caregivers, providing guid-
ance that can be used to design new technologies that improve care coordination for home
care environments involving older adults.
5.4 Background
Home care is on the rise. This increase is a result of several factors that include but
are not limited to increased costs at medical facilities, patient discharges with complex
care regimens, the aging population, the prevalence of chronic conditions, the desire for
independence in health management, and innovations in information technology [1, 7, 28].
For older adults, the main benefits of in-home care are improved well-being and the ability
to age “in place”. While the patients’ conditions contribute to the complexity of home care,
complexity also arises within the interactions among caregivers, the tasks and activities
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performed, and the equipment and devices used within a dynamic environment [1, 162, 163,
164]. While a few studies have investigated home care factors that describe the aspects of
this model of home care, to the best of the authors’ knowledge, less is known about the
information processes involved in home care.
5.4.1 The Human Factors of Complex Home Care
To build on the home care model mentioned above, Beer et al [1] provided a descriptive
account of the challenges discussed by health care providers in this work domain [162]. Af-
ter interviewing Certified Nursing Assistants and Registered Nurses, their human-systems
approach identified the importance of relationships among the caregivers and the care
recipient. They also identified the impact of physical and affective strain on caregiver
burnout, the effect of training on knowledge and skills, and the requirement to understand
how to work with various medical devices across patients’ homes [162]. Schaepe et al [24]
also identified the importance of improving patient safety by having a partnership among
caregivers and proposed improving support for family caregivers, including efficient access
to information for problem-solving. Concerning the care recipient, self-care is a signifi-
cant aspect of home care, especially for older adults with multiple chronic conditions [165].
Caldeira et al [165] identified that older adults take a holistic approach to self-care and seek
out information from health care professionals and through personal research to support
decision-making in their home since health guidelines are often not specific enough for their
needs.
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5.4.2 Complex Home Care in Ontario
In the province of Ontario, Canada, the number of home care patients categorized as
complex is rising. In 2009/10, the number of individuals whose care was classified as
complex was less than 40%; this rose to 70% in 2014/15 [4]. In Ontario, home care services
allow older adults whose health care needs are acute, chronic, palliative or rehabilitative to
continue to live in their community independently. The services provided for older adults
include but are not limited to nursing, personal support, therapy, social work, medical
supplies, and medical equipment. There is an expectation that a family member or a friend
will supplement home care as an informal service. Family caregivers, on average, spend 20
hours per week caring for an older adult for approximately four years [3]. However, it is
estimated that 150,000 Ontarians purchased an additional 20 million visits/hours of home
care services per year to support their continued living in their home by formally trained
caregivers [3]. In 2015, it was reported that 6,825 formal caregivers provided 24,770,820
visits/hours of care to 459,495 clients over 65 years of age [3].
5.5 Methods
5.5.1 Study Design
This research is part of a larger mixed-method study to identify the perspectives of care-
givers across North America about digital health technology design to support information
management and communication in complex home care. This paper presents the results
of semi-structured interviews conducted with caregivers of older adults, and qualitatively
evaluates the information and communication processes for caregivers working in complex
home care. This study received ethics clearance from the University of Waterloo, and all
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participants were interviewed virtually from their homes due to COVID-19 restrictions.
Informed consent was obtained verbally, and participants received a thank you letter for
their participation. Participants were not provided with remuneration for joining the study.
5.5.2 Participants & Data Collection
Recruitment was carried out by contacting home health care and caregiver support agen-
cies and groups via email and social media platforms and was followed up with snowball
sampling, where it was known that five participants were recruited using this sampling
method. Participants were included if they were at least 18 years old and either a family
caregiver or a hired caregiver for an older adult who required complex care services in
their home in North America. Complex care included individuals who had any combina-
tion of chronic conditions, mental health issues, medication-related problems, and social
vulnerability. In the context of this study, a family caregiver was anyone who provided
or coordinated care for a person who was a family member, a partner, or a friend; they
assisted this person with health or medical-related tasks in their home. A hired caregiver
was a home care nurse, personal support worker, or other caregivers who were hired to
provide home care services. Two researchers (RT, KM) conducted the interviews. The
interviews were recorded using Microsoft Teams, and only the audio recordings were used
for transcription.
5.5.3 Data Analysis
The interview data were analyzed using an inductive thematic process [112]. Data were
stored and organized using QSR NVIVO 12 and Microsoft Excel 2021. The coding process
involved the following steps: (1) Microsoft Stream’s closed-captions feature was used to
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transcribe the audio recordings; (2) two researchers reviewed and anonymized the tran-
scripts; (3) the core research team listened to the interview recordings and read through
the transcripts to familiarize themselves with the data; (4) the interview data were the-
matically coded, and the core research team regularly discussed emerging themes; (5) the
final list of codes and emerging themes were reviewed and refined by the entire research
team. The thematic analysis was organized around each caregiver population: (1) family
caregivers and (2) hired caregivers. One participant’s interview data from the hired care-
giver population was not analyzed in-depth because they did not consent to have their
interview recorded for transcription.
5.6 Findings
5.6.1 Participant Demographics
There were 15 caregivers that participated in this study (Table 5.1). We recruited from
various regions in Canada and the USA; however, all participants in this study participated
from Ontario, Canada. The youngest participant in this study was 24 years old, and the
oldest was 83 years old. While most of the participants identified as female, two identified
as male. Caregiving experience ranged from four months to 13 years.
5.6.2 Themes
There were 39 codes identified by the research team (Table 5.2). The codes were organized
into four themes describing the processes related to information management and commu-
nication experienced by caregivers of older adults in complex home care: (1) Updating the
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Table 5.1: Participant demographics and caregiving characteristics (n=15)
Characteristics Family Caregivers Hired Caregivers
Number of Participants, n (%) 9 (60) 6 (40)
Age (years), n (%)
18-24 1 (11) 0 (0)
25-34 1 (11) 1 (17)
35-44 0 (0) 2 (33)
45-54 0 (0) 1 (17)
55-64 1 (11) 1 (17)
65-74 2 (22) 1 (17)
75-84 4 (44) 0 (0)
Gender, n (%)
Female 8 (89) 5 (83)
Male 1 (11) 1 (17)
Caregiving Experience (years), n (%)
0-5 6 (67) 4 (67)
6-10 2 (22) 1 (17)
11-15 1 (11) 1 (17)
Caregiver Team, (2) Teaching Caregivers about their Care Situation, (3) Learning to Im-
prove Care & Support Decision-Making, and (4) Conflicts with Communication Channels.
Updating the Caregiver Team
Updating the caregivers with pertinent health information about an older adult in their
home was a concept discussed by all caregivers in this study. However, their methods and
reasons for communicating information varied depending on their situation and caregiving
role. Overall, every participant in this study described creating written notes kept in a
central location in the home. For example, one family caregiver documented information
about medications and recorded details about their spouse’s reactions. A hired caregiver
expressed the need to continue using paper-based records for older adults for reasons related
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Table 5.2: Themes in communication and management of health information in complex
home care for older adults
Themes Codes
Family Caregivers Hired Caregivers
Updating the Caregiver Team
• Physical documentation • The burden of physical documentation
• Keeping personal notes to support safety • Keeping personal notes to support safety
• Calling & texting caregivers • Calling & texting caregivers
• Leaving notes for caregivers • Leaving notes around the home
• Reminding caregivers • Capturing holistic aspects
• Ensuring awareness of the patient status • Handing off care
• Bringing information to doctors • Concerns for information silos
• Transparency of record-keeping
• Managing medications
• Desire to ease documentation
Teaching Caregivers
about their Care Situation




• Talking about embarrassing tasks
• Struggling to teach caregivers
• Worrying about the
quality of caregiver training
• Observing in-home treatments
Learning to Improve Care
& Support Decision-Making
• Understanding medications • Having prior knowledge
and the health condition • Learning from caregivers
• Learning from caregivers & HCPs • Learning through observation
• Learning from the client
• Reviewing documentation
and health care records
Conflicts with Communication Channels
• Impacting care continuity • Establishing communication boundaries
• Communicating with a loved one • Coordinating with caregivers
about their health • Feelings of control over information sharing
• Communicating health concerns with HCPs
• Communicating concerns with other caregivers
Note: HCPs - Health Care Professionals
to transparency of record-keeping and having information stored in one location for the
family caregiver to review.
At that time, they made written notes to. . . all of the people in their company
that were coming to see [my spouse]. . . and the practice was they would have
written notes that they kept on top of the refrigerator, and I think they did that
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in every home. Notes on top of the fridge... I would keep some notes, and there
were times when I would make detailed notes about [my spouse’s] reaction to the
medication. . . The palliative care doctor was trying to get it just right. So, I
had times when I would write things down every day. (P10, Family Caregiver)
In the home, it’s still very basic now, as much as you can roll your eyes with
that. I gotta say, we find it’s also helpful because... if every agency has their
own electronic information, that’s great for keeping their records. But there’s,
remember; there’s all these different people coming into the home... Sometimes
you need an old-fashioned three-ring binder to keep everybody straight. . . I can
just think about a family that I was visiting two days ago where they found
they needed that because, again, like different PSW’s are coming in. So maybe
[they] have a definite cognitive deficiency and [they] can’t remember what [they]
had for breakfast. Or honestly. . . the last time you had a poop which is really
important information. So, there’s just a day-by-day record of what’s going on
with the individual people, and then when the family comes in a couple times a
week, then they go, “Oh, OK. This is what’s been happening with the PSW’s. . . ”
So, in a way that is important to have good old notes written down. (P5, Hired
Caregiver)
It was also observed that creating written documentation placed a burden on both the
family caregiver and the hired caregiver. For example, one hired caregiver expressed that
they were required to record every detail of their shifts at specific time intervals. The sheer
volume of documentation was one of the hardest aspects to balance in their work even
when family caregivers designed documentation to support efficient interaction:
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I just do a nice log sheet and [my hired caregivers] write down, you know, did
[they] take [their] meds. . . did you have a bowel movement, [are they] sleeping
or not? . . . I’m pretty good at creating a form, and they have to fill this in. And
that’s how we communicate. And that’s how, well, they endorse, you know, one
person comes, one person leaves, and they just look at the notes. There’s a
meds chart which I make out. . . (P8, Family Caregiver)
If you work with ten people... you have to care them, and you have to docu-
ment... whatever happens to these... ten people. That’s why the PSW job is
very hard. That makes it hard. You don’t have time to even to eat something,
take a break... (P9, Hired Caregiver)
When record-keeping was completed and shared digitally using software applications
as part of an eShift model of care among some hired caregivers, this information was used
for updating health care professionals about the person’s care where other supervising
caregivers monitored the events that occurred during a shift. Family caregivers who were
coordinating the documentation of home care for an older adult also wanted to contribute
to these digital documentation methods but did not have the means to convert their paper-
based systems.
[The online system is] between the person who’s in the home as the PSW,
and the delegating nurse. . . I can go in to see that information through our
system. There’s an additional link... where if I have a [PSW] who I know has
eShift, then in the morning I can log in and see how their night was (P5, Hired
Caregiver)
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I would like to be able to make that easier for [my caregivers]. I don’t know
how. But I understand that in some institutions, they do the record-keeping
on computers. But I don’t have a program or anything like that. (P8, Family
Caregiver)
The type of information recorded in the home varied depending on the patients’ con-
ditions and the caregiver’s record-keeping motivation. Family caregivers expressed that
they were only documenting when they felt it was necessary to share progress updates or
noticeable patterns with health care professionals. Hired caregivers strongly believed in
capturing the health of their clients not only from their vitals but also holistically:
But what about that person? What about how they’re feeling that day? What
they’re thinking that day? How about, you know. . . Just a little thing. . . They
had a hard time getting their retainer out... I get tired of reading documents that
said, “changed the sheets, toileted them twice. . . ” Like big deal, we all know they
have to go the bathroom or [they] could be changed. But how about. . . asking
them, “How do you really feel today? I don’t wanna hear “good.” I wanna
know how you really feel. What are your thoughts?” Like, really get into it and
document that. None of this “oh, every day, same document” big deal. What’s
the point of even documenting [then]? (P4, Hired Caregiver)
To complement the physical notes that were kept in one location in the home, caregivers
additionally implemented written notes that were context specific. Sometimes, they placed
notes at various locations in the home to capture their caregivers’ attention when they were
not available to update them in-person or could not rely on contacting caregivers through
other means.
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We posted notes all over the place. It was the only way. . . I made up a sheet, a
couple of them I actually ended up having to make. I put them on the bathroom
wall for. . . when they came in. . . There was one for the morning, one for the
daytime, one for evening, and it was simply, “This is what [they] require.” It
was listed. . . They didn’t have to search through charts... The easiest thing for
me at that time was to put sheets on the wall and say, “You need this, this,
this and this,” and I had so many thank-yous from PSW’s that were coming in
from the [agency]. . . And they said, “You know, I could just look at that, and
I knew exactly!” (P13, Hired Caregiver)
I would leave a note physically saying, “Hello, please use a plastic bag to cover
my [family member’s] foot when you are going to be giving [them] a sponge
bath.” So those things I would have to manually do just writing it down. (P6,
Family Caregiver)
Beyond physical documentation, the other process involved in updating their caregiver
team was verbal communication during handoffs. Caregivers updated others on new in-
formation to ensure their awareness of how their home care situation changed since the
incoming caregiver’s last visit and reminded them about critical safety information that
can have serious consequences if not carried out properly.
It’s reminding them stuff like [thickening the drinking water] where I find some
PSWs forget and just give [them] normal water, which is a really, really big
risk because my [family member] is prone to something called aspiration, which
means if [they] eat any food that can go in [their] lungs, which has happened be-
fore, then that can develop into pneumonia. . . And we’ve had to take [them] to
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the hospital multiple times for that, and that can be really scary because some-
one like [my family member], who is more vulnerable and prone to getting like
disease and infection. Especially, taking [them] to the hospital like now [during
the COVID-19 pandemic] is pretty scary, so yeah, it’s just a lot sometimes.
(P6, Family Caregiver)
Yeah, it’s more of the times that you hand over [the client], like, “[they are]
OK.” Whenever there’s someone’s turn to take over my shift, I would just say
that “[they have] been OK. [they have] been very calm, but there are times that
[they] had to do some... [they are] a bit manic at the time, but overall [their]
behaviour is OK.” Usually, I tell them that [they] already ate that [they] already
took [their] meds at this time, so, and I usually tell [them] that the only thing
that’s missing is this and that, [their] meds for this hour. This meds for this
time usually. (P2, Hired Caregiver)
In situations when in-person communication was not possible but important informa-
tion needed to be shared with the caregiver teams to support planning and decision-making,
caregivers used telecommunications devices to share updates via a phone call or a text mes-
sage:
If it’s really important, then I’ll call the agency and tell them that [their] workers
need to know that such and such is happening. . . like if there’s been a fall, for
instance. Then I let them know, and they have to know those things anyway.
(P7, Family Caregiver)
Especially with younger people, with younger family members, they will often
text me on my work phone. That’s the most efficient way I find, I text. I called,
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but I find it even easier to text a lot with the visiting nurses who I talked to
recently. (P5, Hired Caregiver)
While some hired caregivers in this study use applications that are developed to track
information such as vitals and other qualitative health information, and have been more
reliant on digital communication during the global COVID-19 pandemic, these details
are only shared among other hired caregivers within a specific agency or local healthcare
system. For example, these notes can be sent to the visiting nursing agency and then to
the person’s primary visiting nurses. Other hired caregivers who have mobile applications
on their phones use this software to see the tasks that they are required to complete as set
out by their agency, where as they complete these tasks they interact with the checklist.
However, the details stored in these applications are not directly available for the family
caregivers in this study, where any information that is communicated is paper-based.
Teaching Caregivers About their Care Situation
Family caregivers specifically discussed the role of ensuring an understanding of the nuances
and preferences within a home care situation. They described their responsibility for
communicating their family’s needs in terms of home care services and the challenges of
providing instructions for the specific care needs in their home.
And we’ve had some trouble with navigating that sort of thing where... Finding
PSWs, especially at a time like now, is pretty limited. It’s just been. . . a
little bit difficult to get them to understand like our perspective and what the
client needs. What my [family member] needs. . . They tend to have somebody
that oversees them, and so we’ve been working a lot with [them] in terms of
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expressing our concerns, our needs. And [they’re] pretty willing to negotiate
with us, which I find pretty good, and I just think the biggest thing is just
being open to having discussions with them... If we feel like something is not
going right or if you feel like something could be changed, they’re pretty good. . .
Sometimes being willing to make those adjustments or accommodations for us,
so I just think having more line of transparency. (P6, Family Caregiver)
To ensure quality care was being provided, family caregivers felt responsible for observ-
ing their hired caregivers. They wanted to ensure that their caregivers implemented the
necessary safety measures specific to the patient and the home environment. They were
also worried about the quality of treatment that their loved ones received when they were
not around to observe but were not sure what they could expect otherwise.
Well, I’m there for half of the shift because [my spouse] does the last half as
an exercise plan, and that’s done downstairs. And so, I see it. . . if there’s a
problem, they’ll tell me. But the thing is, I don’t know whether they’re covering
this safety issue [of watching for falling] when I’m not around. That’s my
biggest worry. And I can’t be all there all the time. It’s just not possible. If
I see something not right when I’m with [them] for the last half hour [of their
shift], then I will say, “This is not right. You have to stand here, or [they’ll]
fall over”. That kind of thing. Some of them like it and some of them don’t
like it. (P7, Family Caregiver)
Two caregivers in this study provided care for each other and received no regularly
occurring support from hired caregivers. They expressed the challenges of supporting each
other’s care in the home, which included learning from and supporting each other by talking
through tasks that they normally would not have assisted with before.
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Well, depending on the kind of people you are, like, the first time you have
to suddenly help your partner in and out the shower, on and off the toilet. . .
If that’s not been part of your life, there’s a lot of embarrassment. There’s
a lot of talking through that, and it’s something that... is nice if you’ve got
someone coming in that isn’t the partner to help to pave that way. (P14, Family
Caregiver)
Continuous Learning to Improve Care & Support Decision Making
Family caregivers and hired caregivers in this study were continuously learning about the
patient’s conditions and the nuances of the home care situation to improve the quality of
the care they provided and support their decision-making. The degree to which family
caregivers felt the need to learn the information resulted from their loved one’s condition
or symptoms. Navigating the complexities of cognitive impairment by reading and working
with health care professionals was a significant task for some caregivers in this study in
their desire to learn how to support their loved ones better:
[My spouse] had delirium frequently and trying to navigate through the delir-
ium where you can’t deny what somebody is experiencing in a delirious state...
[They] thought at one point that the [University] was managing our house and
actually owned our house, and we were in something odd and different... I could
never quite understand it. (P10, Family Caregiver)
The Parkinson’s, I’ve learned that, and I know [my sibling] really well. . . I’ve
learned that the more you can engage them intellectually and emotionally with
contact, with people, and with things that they like and love, well, you know, the
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better they are even with their mobility. . . I read up on things. I learned about
[my sibling’s] medications, and I know the effects of all of them, and I know
the effects of that horrible [medication they were] taking that caused psychosis...
I’ve got an informational sheet from some of the people who worked with us who
have gone on to become RPNs and so on. [They] gave me a whole hand-out on
how to deal with delusional behaviour, and I’ve read about it too. (P8, Family
Caregiver)
While some of the information that family caregivers were learning from health care
professionals supported their loved ones, learning more about providing care in the home
also supported their well-being, especially for performing physical tasks.
You know, I was doing things wrong for a while too. [My sibling has] mobility
issues, so you stop motion with Parkinson’s and [they] would have difficulty
getting up out of a chair. So, we devised a way of counting and using momentum
to pull [them] up. And then I realized I’m hurting my back this way, and so
I just stopped that, and I learned from some of the physiotherapists who I’ve
had through [the agencies]. I’ve had various physiotherapists and occupational
therapists come in, and they gave us instructions. (P8, Family Caregiver)
The family caregivers in this study were not medically trained professionals. They
did not necessarily have a knowledge base of information to support medical decision-
making, unlike half of the hired caregivers in this study, who were trained nurses. Having
a knowledge base helped hired caregivers with decision-making and their ability to identify
symptoms, patterns and trends quickly:
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Well, I was doing it with the knowledge base. People that don’t have a knowledge
base have... Like, even the pre-identified wounds on [their] leg. . . ulcers. I knew
right away, but someone that didn’t have that background wouldn’t have pushed
the issue. (P13, Hired Caregiver)
Finally, learning from physical documentation was also necessary to support decision-
making, especially for hired caregivers who might visit multiple clients in a single day.
They relied on recorded notes to learn about the most recent events that occurred in the
home and used this information to plan their care.
I also look up their records of what happened all throughout the weekend, so
yeah. It’s usually placed on the table here in [my client’s] home. It’s just like
the first thing that you go over when you come here is to look at what happened
in the previous day and. . . the previous hours of the shift at the beginning
of your shift. So yeah, you look at it. You try to summarize what happened
and what time [their] previous extra dose was given so that whenever [they are]
pretty weak, at the time of your shift, you can say that “OK, we can give [them]
an extra dose at this time,” it’s safe to give [them] an extra dose. (P2, Hired
Caregiver)
Conflicts with Communication Channels
The participants in this study experienced several issues regarding the exchange of infor-
mation with other caregivers. Challenges with communication and coordination impacted
care continuity and increased their feelings of frustration. Communication challenges ex-
isted between family caregivers and hired caregivers, the client and their hired caregivers
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and between hired caregivers and other healthcare professionals. Sometimes, the commu-
nication challenges were a result of the patient’s condition and language barriers:
[My family member’s] speech is a little bit slurred, and so it’s hard for people to
understand when [they’re] talking and understand what [they’re] saying. And so,
if [my family member is] trying to communicate with the PSW’s and they don’t
understand [my family member] that can make [my family member] frustrated
and [they] might yell or overreact, and then the PSWs get frustrated and then
they don’t want to come back anymore... (P6, Family Caregiver)
So, it’s getting that information to them because some of them, their language,
their first language isn’t English in almost all cases so... If there’s a heavy
accent, that’s a real problem. If there’s literacy issues, you know, one [hired
caregiver] was very lovely, and so on, but [they] couldn’t see very well, and
[they were] no good at writing anything down. . . [They] just. . . [They were]
good, [they] would be good for some situations but [my sibling] requires someone
with a little bit more, I don’t know, the ability, at least to write notes and
understand [them]. (P8, Family Caregiver)
The communication challenges between family caregivers and hired caregivers in this
study were especially evident when there was a lack of two-way communication in situ-
ations where actions were required by both parties to maintain the safety of the patient
in the home. The technologies used to support communication only provided a one-way
conversation with no feedback or confirmation of the receiving caregivers’ understanding.
Most of the time, my frustration was with communicating with the home care
and caregivers. . . There was no connection with me. I got to call a number and
99
leave a voice message. And then I may or may not have heard back. . . There
was a question in my mind that there was an infection going on, and I didn’t
speak with the... It was a difficult situation I had. [Their family caregiver],
that was the person that was [their] spokes... or [their], power of attorney for
personal care and, [their family caregiver] would say to me, “[P13], you handle
it.” But [the family caregiver was] the micromanager, so I handled what I could.
(P13, Hired Caregiver)
Finally, the challenge in communicating among caregivers was evident with hired care-
givers communicating with other hired caregivers and family caregivers. This raised frus-
trations for one hired caregiver concerned with the effectiveness of the communication that
was occurring as it placed unnecessary stresses on the caregiver team.
I was frustrated in the fact that if I identified a problem, then I had set the
rules that if I’m helping, I needed to. . . There needed to be only one person
calling the doctor’s office. Only one person, you know, calling the [agency].
They didn’t need multiple phone calls from multiple members or care providers
because it was not effective. I tried to set those up at first, and for a little
while [their family caregiver] managed and then [they] couldn’t do it anymore.
[The family caregiver] had. . . verbally given all of these people consent for me
to handle everything. . . so there were huge issues that way. And then [they]
would start calling and, I mean, I had, it was, it was a horrible situation for
me because then I had become almost threatening to say, “Listen, you know if
you want to take over and you want to do this then I’m stepping out because
this doesn’t work for me” and they still said, “No, I can’t do it on my own. I




This study describes the experiences of caregivers of older adults, which provides a founda-
tion for understanding the complexities of information management and health communi-
cation processes in complex home care. While information collection and storage consists
of paper-based technologies and communication that occurs via email, phone calls, texting
or in-person currently support care coordination, there is potential for new technologies or
interventions to meet the complex needs of caregivers [11, 35, 36]. With the aging popula-
tion worldwide, and the increasing number of caregivers supporting the healthcare system
by providing home care services [1, 5, 6], there is a critical need to develop new systems for
caregivers in this context. Launching this development with an in-depth understanding of
the caregivers’ experiences in this complex work domain is essential [6].
5.7.1 Bridging Caregiving Processes for Improved Collaboration
In this study, our caregivers’ experiences in complex home care situations included caring
for older adults who have any combination of chronic conditions, mental health issues,
medication-related problems and social vulnerability. With the complexity of the care-
giving situations that this study observes, family caregivers and hired caregivers are in-
creasingly involved with overlapping processes that support information awareness within
caregiver teams. In comparison, there is significant literature that argues the importance of
including family caregivers as collaborators in home care and bridging their contributions
to home care with hired caregivers [62, 125, 166].
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Macias-Colorado et al [167] identified specific issues regarding the communication be-
tween family caregivers and hired caregivers, where health information shared by the hired
caregiver is not effectively verified as understood by the family caregiver, leading to risks
for adverse events. This was especially concerning when information were shared between
individuals who have different levels of healthcare training [167]. Broekema et al [168]
identified that improving communication has the opportunity to reduce caregiver burden
and support decision-making. While improved communication and support for family care-
givers to understand health information has been previously identified [167, 168], our study
observed that hired caregivers are diligent towards understanding their client’s care situ-
ations and ensuring that other caregivers understood the care situation. However, with
some of the challenges that they experienced with documentation burdens and establish-
ing communication roles among a team of caregivers, their current methods could be more
effectively supported to remove some of the burdens associated with the ongoing task of
situation awareness in the home.
From the family caregiver perspective, our study also observed the challenges they expe-
rienced with communication to other caregivers about health related information. In other
contexts such as clinical settings, Cohen et al [169] identified that while family caregivers
were engaged in the care of their loved one, an older adult, professionally trained caregivers
such as nurses sometimes did not always recognize family caregivers as an important indi-
vidual that should be integrated into the provision of care. In the context of home care, our
study observed that hired caregivers were diligent to ensure collaboration with the family
caregiver, despite communication challenges. In particular, the family caregivers in our
study played a critical role as educators of the home care situation. While most literature
focuses on communication for educating family caregivers about the healthcare system and
a patient’s health condition [170, 171, 172, 173], which is important to support their capa-
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bility as a family caregiver, it is also important to highlight that family caregivers are in a
unique position to share their specific caregiving knowledge to other caregivers. They are
the experts of their loved one’s home environment and nuances of their care. Given the
non-standardized home care environment, it is critical for other caregivers to learn these
details as it enables them to provide care services in an environment where they have the
necessary information to adapt how they provide care, if needed.
Beyond their role as an educator, family caregivers also captured health information in
the home and provided other caregivers with timely health updates to support situation
awareness and ultimately promote patient safety by reducing uncertainty. While the issue
of uncertainty in home care has been identified in previous work by Harrison et al [174]
in their study on the palliative care needs of family caregivers, current technologies and
interventions used to manage information do not sufficiently support reducing uncertainty
or support caregivers in their efforts to educate others. In the situations from our study,
the lack of two-way communication highlighted some of these contributing factors.
Family caregivers take on a significant workload to coordinate home care for older
adults [27]. Maintaining the continuous awareness of caregivers who are constantly mov-
ing throughout the home can be a significant undertaking for a family caregiver when
information management methods and communication protocols involve paper-based doc-
umentation and standard messaging functionality on telecommunications devices. Building
a collaborative environment for effective information exchange with these methods requires
organization, effective documentation design to capture various health metrics, and estab-
lishing communication protocols with caregivers. While there exist caregivers in this study
who could manage these processes, others may not have had the means or the time to
facilitate this interaction, given that it reflected many of the responsibilities of a full-time
job [141]. However, with the increasing overlap observed in the processes by family care-
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givers and hired caregivers that this study identified, there is potential for the design of
new technologies and other interventions that can successfully be used collaboratively by
both caregiver groups, to improve communication.
5.7.2 The Potential for New Technologies in Complex Home
Care
Qualitative studies conducted to understand the needs of caregivers in the context of home
care have provided recommendations for the development of future technologies that sup-
port caregiving processes. Tang et al [62] interviewed caregivers to explore their care
coordination processes, the challenges they faced, and the tools that they implemented to
address those challenges. Similar to the findings in this study, they identified challenges
with updating the caregiver team [62]. For example, in their study this lead to an issue
involving duplicate medication prescription refills [62]. They also identified issues related
to information becoming construed as it was passed from caregiver to caregiver [62]. In
our study, we found that the lack of two-way communication between caregivers resulted
in uncertainty with knowing if other caregivers received and understood information that
was shared digitally or in paper notebooks. They also experienced challenges with es-
tablishing an understanding of caregivers’ communication roles and responsibilities in the
home. Based on their findings about communication in the context of home care, Tang et
al [62] identified several design recommendations for technologies to support family care-
givers’ needs and improve coordination in complex home care when multiple caregivers are
involved, that align with our results. Their recommendations where for a mobile applica-
tion for family caregivers, and included functionalities such as messaging, customization,
shared calendars, checklists, medication lists, knowledge about the patient’s condition, and
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for patients to interact with the system and record their emotions using emoticons [62].
In another similar study, Holden et al [175] performed a qualitative artifacts anal-
ysis with family caregivers’ of patients with dementia, to determine how their current
tools supported their health information management processes. Their results identified
the importance of technologies that allow all caregivers to communicate with healthcare
professionals, and that care management technologies for decision-making should support
acquiring multi-sourced information, maintaining up-to-date information, and sharing in-
formation with all caregivers involved in the patient’s care. Similar to the findings from
this study, they identified a time burden for caregivers to manage information coming
from various sources using paper-based technologies, as well as challenges with communi-
cating with healthcare professionals [175]. We observed similar findings to Holden et al
[175] with hired caregivers and family caregivers providing information both verbally and
through paper-based methods, to establish an understanding of the information or provide
reminders to others. With respect to non-functional requirements for new technologies to
support care management and communication, Holden et al [175] recommended that in-
formation technologies should be controlled by the primary family caregiver, allow for the
creation of information templates that meet the caregivers’ needs, accommodate a range
of digital literacy skills, and provide a trustworthiness design. Functional recommenda-
tions involved providing a means for sharing a patient’s care journey, the ability to update
information as the patient condition changes and delegate care tasks to others, and noti-
fications that remind caregivers to add missing information [175]. They also recommend
features that include sharing concise health reports, guiding caregivers through regulatory-
type documentation processes, and providing log details that include data about the source
of the information that has been digitally entered [175]. New technologies with features
such as the ones described by Tang et al [62] and Holden et al [175] may provide effective
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support for the caregivers from this study if they can be effectively integrated into their
care routines as collaborative tools. As highlighted in this study, the integration of new
technologies to support caregiver collaboration remains a challenge.
While some hired caregivers in our study used digital tools to communicate with other
health care professionals and hired caregivers, these tools were not widely available to
family caregivers to join as a collaborator. Paper-based records or templates remained
family caregivers’ primary method for collecting information to be shared with others in
the home, because it was often a readily accessible tool with a shallow learning curve and
they had the means to customize it to meet their needs [176, 177]. Other methods of
communication were by phone, text or email. Despite the recommendations for designing
new technologies, paper-based documentation and communicating through text messaging
were surprisingly recommended or preferred by some of the caregivers in this study to
manage and communicate information.
5.7.3 The Challenges for Adopting New Technologies in Com-
plex Home Care
Regardless of the the potential for new technologies to support information management
and care coordination, one of the challenges of building technologies for older adults’ home
care environments identified across each information and communication aspect of this
study was the remaining reliance on paper-based records by home healthcare systems
[175]. While paper-based records may support data collection and provide a means for
caregivers to understand a patient’s conditions and current health status if they are ef-
fectively designed, they lack real-time two-way communication [178, 179]. They do not
support caregivers to adapt to change in a fast-paced, dynamic home environment and are
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limited in supporting cognitive work across homes with non-standardized interfaces [147].
As family caregivers take on increasingly critical roles in complex home care situations,
supporting cognitive work is important for patient safety [180].
From Ozok et al’s [181] study on the perspectives of caregivers to adopt new technolo-
gies, they identified in their interviews that personal health records would be perceived
as useful if they could replace a paper-based system because it would keep relevant infor-
mation in a single location and save physical space, as also supported in other literature
[62, 175]. In comparison, our study identified the continued reliance on paper-based records
by many caregivers of older adults, as a tool that is still useful to communicate between
caregivers and share information. Based on this conflicting observation, the successful im-
plementation of new technologies for caregivers of older adults may only be achieved once
the usefulness of new technologies provided by the interaction experience, exceeds that of
paper-based documentation.
Given the vast experiences of the caregivers in this study, the complexities of their home
care situations, and their capacities to provide care, we can build on the recommendations
in the previous literature by suggesting that along with meeting caregivers direct needs
for information management and communication, the adoption of new technologies may
be achieved by going beyond the unmet information and communication needs: provid-
ing greater satisfaction by improving the interaction mode. For example, providing an
information-interaction mode that eases both the flexible storage and retrieval of infor-
mation in a standardized and structured manner, that is also personalized towards the
users’ level of health literacy. In previous studies, Sezgin et al [11] proposed the use of
voice interaction technology as a more effective method to interact with health informa-
tion, and Holden et al [175] proposed developing hybrid solutions that integrate electronics
into paper-based technologies to enhance the interaction and functionalities of paper-based
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records. The interaction experience provided by these alternative technologies may foster
adoption after deployment. However, to the best of the authors’ knowledge, there have
been no developments of these technologies deployed in the context of complex home care
that have been studied for efficacy or measured the user interaction to evaluate changes in
user engagement and satisfaction.
While the focus of this study was to capture the complex work domains of caregivers
providing home care services to provide an understanding of their current processes, there
is a need to bridge the gap in health information interaction technologies not only between
caregivers, but also their patients. Future research should specifically explore the interac-
tion experience by both caregivers and their patients with new technologies, by measuring
flexibility, the naturalness of the interaction and usability.
5.7.4 Strengths & Limitations
This study’s exploratory nature captured wide-ranging perspectives of family caregivers
and hired caregivers of older adults working in complex home care environments. While our
study was not focused on the COVID-19 pandemic, there is currently no significant research
conducted during a period of a global pandemic in this area of caregiving, where some
caregivers practices have been required to shift to and rely on alternate communication
methods in a quick manner. The caregiver perspectives that were described in this study
may have been influenced by the nature of the global pandemic and the stresses that they
experienced during changes in their loved one’s care.
Due to the exploratory nature of this work and the pandemic’s impact, participant
demographics were limited. While snowball sampling was known to recruit five partici-
pants, this research captured the perspectives of a diverse population who have unique
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experiences and viewpoints based on their caregiving characteristics. There is an oppor-
tunity to further build on this work in future research through the inclusion of broader
demographics.
5.8 Conclusion
From the findings in this study, we can further understand caregivers’ experiences with
health information management and communication in the context of complex home care.
While diverse caregiving experiences were captured from both family caregivers and hired
caregivers in complex home care situations, there were notable similarities in the infor-
mation and communication processes conducted by each caregiver group. As caregiver
collaboration is critical for effective coordination and communication, the identified sim-
ilarities within the current processes involved may play an influential role in designing
future information systems and new home healthcare technologies that can be integrated
across caregiver populations. The overlapping processes involved with maintaining con-
tinuous awareness of the home care situation that were identified in this study and the
reliance on developing and implementing paper-based documentation points towards fu-
ture technologies will need to employ an interaction that exceeds the usefulness of that
interaction, for the adoption by caregivers of older adults. Future research should focus
on identifying how to improve the information-interaction experience with new home care
technologies, to further understand caregivers’ needs and the factors that influence the
successful implementation of technologies in complex home care.
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Chapter 6
Technology Acceptance of Voice
Assistants in Complex Home Care:
A Mixed-Method Study
This chapter is being submitted for publication.
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6.1 Overview
The diffusion of Voice Assistant (VA) technology in society is increasing due to its novelty,
ease of use and fundamental utility, as previously identified through applications of the
technology acceptance model (TAM). There is also an increase in demand for home care
with caregivers providing healthcare services for children with special health care needs
(CSHCN) and older adults choosing to age at home. Providing care in home environments
is complex, and often there is considerable pressure on caregivers to document information
and ensure care continuity. Digital information management and communications tools
may support care coordination. However, current technologies have low adoption rates
because they do not holistically capture stakeholders’ needs. VA technology is a promising
method for interfacing with digital health information in the home environment and may
influence the adoption of digital health tools by caregivers. This study explores the per-
spectives of caregivers on the adoption of VA technology to support caregiving and inform
the design of future technologies in complex home care. Interview and survey data from
22 caregivers with diverse backgrounds and caregiving experiences were collected. Three
themes were identified: First, caregivers Perceived Usefulness for VAs to support documen-
tation, care coordination and person-centred care. Second, caregivers Perceived Ease of
Use for navigating information. However, they also had voice interaction concerns. Third,
caregivers’ Attitudes Toward Use were influenced by their overall concerns, excitement, and
expected costs. The interview and survey data suggest that the caregivers in this study
have similar expectations for VA technology design in complex home care. The TAM and
survey results point towards the potential for VAs to support family caregivers and hired
caregivers by easing their information management and health communication in the home.
However, beyond information interaction, the impact of VA personality traits on caregivers’
perceptions of the care situation and the passive collection of audio data to improve the
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user experience through context-specific interactions are critical design considerations that
should be further examined.




While engaging in natural spoken conversation is the most common way of communicat-
ing information, humans increasingly interact with information through computers. The
Turing test is often used to determine whether the exchange with a computer can be
distinguished from a human, measuring the interaction’s humanness [182]. Significant re-
search has been working towards imitating natural language conversations. However, this
area has not yet been fully realized as a prominent means for human-computer interaction
[183, 184, 185]. With advancements in natural language understanding and speech pro-
cessing, the adoption of VA technology such as Apple’s Siri, Amazon’s Alexa, Microsoft’s
Cortana, and Google’s Assistant is increasing. This rise in adoption is primarily due to the
ability for VAs to reduce barriers to accessing information, social attributes influencing the
development of trust and significant advancements of the technology [185, 186, 187]. While
VAs are commonly used to support everyday activities such as playing music, checking the
weather and listening to the news, emerging research explores potential healthcare appli-
cations. Possible areas of benefit for voice interaction have been identified for hands-free
documentation and data retrieval from electronic health records by healthcare professionals
and intelligent, multimodal assistance through supporting telehealth utilization or detect-
ing respiratory conditions [12].
Acknowledging home care and the growing adoption of VAs, an application domain
of these two avenues is supporting individuals who provide care services in a home envi-
ronment [8]. Effective and accurate speech-based communication and health information
sharing between caregivers positively impact reducing the risk of adverse events, especially
when a home care situation involves chronic conditions, complex medication regimens, so-
cial vulnerability and diverse caregiving teams [124, 146, 157, 188]. While caregivers cur-
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rently use paper-based documentation, separate software applications and telecommunica-
tion devices to coordinate care, there are limitations with non-standardized technologies to
support health information interaction and decision-making within an often unpredictable
and dynamic home environment [1, 11, 178]. Despite the continued development of digital
solutions to address the need for improved information management and health commu-
nication in the home, annual adoption rates for technologies such as online portals only
range from 5-12.4% due to challenges with usability and interface navigation [13, 14].
Interacting with a digital system through a VA may provide a more natural, intu-
itive and efficient way to engage with health information in complex home care by family
members and their caregiving teams [8, 11, 189], and may positively impact caregiver
burnout due to better-supporting care coordination in a home [5, 190]. Vocal recording of
health events and documentation using VA technology has shown promise for relieving a
caregivers’ burden documentation, especially when support can be personalized [11]. For
caregivers of children with special health care needs (CSHCN), VAs can support autonomy
to self-manage health information as they transition towards adulthood [189]. For older
adults, VAs have demonstrated improvements in independent living and health mainte-
nance [87, 191, 192]. With the potential that VAs establish around support in a home care
environment, it is critical to better understand stakeholders’ perspectives in a way that
informs safe, accessible and effective system design [12].
To date, there is no substantial research exploring caregivers’ attitudes about the design
of VAs to support caregivers who are providing care in a complex home environment.
This study uses the technology acceptance model (TAM) to better understand and map
caregivers’ initial perspectives on VA design, explicitly examining how family caregivers




6.3.1 Technology Acceptance Model
The Technology Acceptance Model (TAM) is a systems theory that enables a better un-
derstanding of the critical aspects of user acceptance of a novel system and how design
decisions may impact the successful integration of information systems in a work domain
[2]. The model has been commonly used to evaluate the factors influencing healthcare
technology adoption [60, 193, 194, 195] and has also been used to assess the adoption of
voice interfaces in automated systems [196]. The TAM’s primary components are Perceived
Usefulness, Perceived Ease of Use, and Attitudes Toward Use. Perceived usefulness is “the
degree to which a person believes that using a particular system would enhance his or her
job performance,” while perceived ease of use is “the degree to which a person believes
that using a particular system would be free from effort” [13]. Attitudes are the external
factors, often based on prior experiences, that influence the behavioural intention to use a
technology [2].
Pal et al [197] evaluated the adoption of VAs using the TAM with participants from
Amazon Mechanical Turk. They identified that users perceived low utilitarian value for VAs
[197]. Adoption was strongly influenced by novelty and excitement more than the design
features affect how functional the system is [197]. They also determined that a user’s
enjoyment with the interaction plays a critical role in adoption [197], a finding that Sohn
et al [61] also recognized. To influence further adoption, Pal et al [197] recommended that
VA developers improve this technology’s usefulness by enabling high-quality interactions
for the specific set of tasks that they design a VA to support.
In another study by Pal & Arpnikanondt [198], their analysis of VA acceptance using
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the TAM identified that the retention of VAs by users would require a strong relationship
between context-awareness and a detailed knowledge base. The result of Moriuchi’s [199]
use of the TAM agreed with Pal & Arpnikanondt’s, where improved user engagement with
VAs requires contextual awareness combined with valuable and easy-to-use functionality.
Moriuchi also identified that consumers are using VAs to support decision-making processes
[199]. Although the TAM has been used to study the overall adoption of VAs, there is
no significant literature evaluating the potential acceptance of VAs in healthcare and the




This research is part of a larger mixed-method study to identify caregivers’ perspectives
in Canada and the United States of America about the use of VAs to support informa-
tion management and communication in complex home care. This paper focuses on the
semi-structured interview results and survey data. Caregivers’ initial mental models about
using VAs are analyzed to provide insight on how design decisions may impact the suc-
cessful integration of VAs in complex home care. The survey data quantitatively captures
participants’ initial perspectives on the design features for VAs in complex home care while
exploring their perspectives of potential functionality beyond their current mental models.
This study was approved by a University of Waterloo Research Ethics Committee. All
participants were interviewed virtually from their homes due to COVID-19 restrictions.
Informed consent was obtained verbally, and participants received a thank-you letter for
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their participation.
6.4.2 Participants & Data Collection
The research team recruited participants through home healthcare and caregiving agencies,
social media groups, and snowball sampling. The recruitment objective was to engage
participants with diverse backgrounds, ages, caregiving experiences, and experience with
VA technology in their homes. Eligible participants were either a family caregiver or a hired
caregiver for an adult or child who required complex care services in their home in North
America. In this study, complex care was defined as individuals with any combination of the
following: complex chronic conditions, mental health issues, medication-related problems
and social vulnerability. A caregiver was as anyone who provided or coordinated care
for someone in their home, and participants were not required to have prior experience
with VAs. However, if participants expressed that they did not know what a VA was, the
researchers explained that VAs are a technology that allows for humans to interact with
information on a computer system through voice and audio.
Two researchers (RT, KM) conducted the interviews. First, caregivers were asked to
describe their current experiences with VAs in their daily activities. Second, caregivers were
asked to describe their initial beliefs and expectations for VAs to support their caregiving
work domain. At the end of the interview, the participants were asked 12 Likert-scale
questions about their expectations for VAs in a home care context (Table 6.1). Participants
were asked to verbally respond to each question on a seven-point scale ranging from strongly
disagree to strongly agree. Microsoft Teams was used to record the interviews, and only
the audio recordings were stored for transcription.
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Table 6.1: Likert-scale questions on caregiver expectations for voice assistants
Number Question
In the context of home care, a voice assistant should...
1 not have a personality.
2 not remember details about this person’s medical condition.
3 record this person’s health information when I ask it to.
4 retrieve previously recorded health information for me.
5 not teach me how to effectively work with different medical technology in the home.
6 remind me about time-sensitive tasks such as medications, treatments or therapies.
7 not guide me through the steps required to perform tasks.
8 not assist me in an emergency situation.
9 understand complete sentences.
10 understand specific keywords or queries.
11 not listen for specific events that are occurring in the home to support caregivers perform tasks.
12 listen for specific events that are occurring in the home to remind caregivers to record the details of their tasks.
6.4.3 Data Analysis
The interview data were analyzed using a theoretical thematic process [112], with the TAM
being used to guide concept identification. First, the interviews were transcribed verbatim,
and all names and identifiers were made anonymous. The research team listened to the
interview recordings and read through the transcripts to familiarize themselves with the
data. Core team members discussed each interview, thematically coded the data and reg-
ularly met to discuss emerging concepts and themes. The final list of codes was organized
into concepts and themes and presented to the entire research team for discussion and re-
finement. The survey data was analyzed by calculating response rates. The survey results




There were 22 caregivers that participated in this study (Table 6.2). Participants were
grouped by caregiver type, including family caregivers of older adults, hired caregivers of
older adults, and family caregivers of CSHCN. Participants were recruited from various
regions across Canada and the United States of America. The youngest participant in
this study was 24 years old, and the oldest was 83 years old—most of the participants
identified as female (20/22, 91%), while two identified as male. The participants’ caregiving
experience ranged from four months to 13 years. More participants had minimal or no
experience with VAs (12/22, 55%) than participants who did have experience with VAs
(10/22, 45%). One participant was not asked about their experience with VAs, and one
participant’s qualitative data from the hired caregiver group were not analyzed in-depth
as they did not consent to their interview being recorded.
6.5.2 Themes
The TAM was used to organize the qualitative findings of participants’ initial beliefs and
expectations for VA functionality in complex home care, based on their current knowledge
and experiences. There were 25 identified concepts that were organized into three themes
and eight subthemes (Table 6.3).
Perceived Usefulness
Participants discussed VA design features that would provide utility to their home care
situation, which were organized into three subthemes: (1) Documentation, (2) Care Co-
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Table 6.2: Participant demographics and caregiving characteristics (n=22)
Characteristics Family Caregivers Family Caregivers Hired Caregivers
of CSHCN of Older Adults of Older Adults
Number of Participants, n (%) 7 (32) 9 (41) 6 (27)
Age (years), n (%)
18-24 0 (0) 1 (11) 0 (0)
25-34 2 (29) 1 (11) 1 (17)
35-44 5 (71) 0 (0) 2 (33)
45-54 0 (0) 0 (0) 1 (17)
55-64 0 (0) 1 (11) 1 (17)
65-74 0 (0) 2 (22) 1 (17)
75-84 0 (0) 4 (44) 0 (0)
Gender, n (%)
Female 7 (100) 8 (89) 5 (83)
Male 0 (0) 1 (11) 1 (17)
Location, n (%)
Canada 5 (71) 9 (100) 6 (100)
USA 2 (29) 0 (0) 0 (0)
Caregiving Experience (years), n (%)
0-5 1 (14) 6 (67) 4 (67)
6-10 3 (43) 2 (22) 1 (17)
11-15 2 (29) 1 (11) 1 (17)
16-20 1 (14) 0 (0) 0 (0)
Virtual Assistant Experience, n (%)
Minimal-No 4 (57) 5 (56) 2 (33)
Experienced 3 (43) 3 (33) 4 (67)
Unknown 0 (0) 1 (11) 0 (0)
ordination, and (3) Person-Centred Care. First, participants believed that VAs would be
helpful as a digital tool for managing their documentation through organizing health data
and subsequently manipulating a digital record through recording and retrieving informa-
tion. One participant mentioned that they would especially “love to be able to use it, like,
with the online notebook of some sort” (P16, Family Caregiver - CSHCN), and partici-
pants specifically described the usefulness of maintaining documentation in the context of
medication management. For example, participants expressed that a VA could support
the recording of drug reactions and the monitoring of medication adherence:
I think keeping notes, like being able to just speak out loud, and if it automat-
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Table 6.3: Initial expectations for voice assistants to support health information manage-
ment and communication in complex home care
Themes Subthemes Concepts Family-CD Family-OA Hired-OA
Perceived
Usefulness
Documentation Organizing information X
Recording & Retrieving information X X X
Care Coordination Teaching caregivers through instructions X X X
Reminding caregivers X X X
Leaving messages for caregivers X X
Calling others X X X
Supporting physical tasks X X X
Person-Centred Care Providing autonomy for care X X X
Supporting mild cognitive impairment X X
Supporting medication management X X X
Perceived
Ease of Use
Navigating Information Interacting by voice X X
Supporting aftercare X
Information retrieval X
Voice Interaction Concerns Being misunderstood/unheard X X
Engagement by the caregiver team X
Challenges interfacing with computers X X
Negative influence on physical activity X
Attitudes
Toward Use
Concerns Standards for documentation X
Medication management X
Privacy of information X X X
Excitement Learning new technology X X
Appreciation for voice-based technology X
Excited about home care technology X
Cost Environmental benefits X
The financial cost of the system X
Note: CD – child, OA – older adult; X– concept mentioned by at least one participant
from the corresponding caregiver group
ically set a date and a time for when I spoke to it with an observation that
was important... if I wanted to record something about the medication. (P10,
Family Caregiver - OA)
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I could ask my specific question: “Alexa, did [the patient] take [their] hydro-
morph contin today?” (P5, Hired Caregiver)
Second, each caregiver population in this study discussed VA functionalities that would
impact care coordination. However, participants had unique expectations about the degree
to which VAs could provide coordination support. For example, participants mentioned
design functionalities that included setting reminders for medications, communicating with
others and guiding a caregiver through the steps of a medically related task:
If they got a little notice, that was like, “Hey, it’s time for the medication!” I
definitely think it could really be helpful. (P21, Family Caregiver – CSHCN)
Certainly, managing medications, timing, and if I wanted to be reminded. (P10,
Family Caregiver - OA)
To support communicating with others, participants expressed that VAs could specifi-
cally assist with care transitions. For example, participants explained that they could use
the VA to leave a PSW a personal message to listen to when they arrived at their house.
Some participants (3/22, 14%) also suggested that VAs would help them contact their
patient or loved one, health care professionals, or others on the caregiver team.
Well, communication with the PSW’s. If I wasn’t here, let’s say when [my
spouse] . . . I couldn’t leave [them] alone in the latter stages. But in the earlier
stages, I thought I could go off to the grocery store and leave [them]. That was
up until I came home and found [them] in a delirious state and thought that
was a mistake. But if I could, and I wanted to, leave instructions for a PSW...
(P10, Family Caregiver - OA)
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Like again, I don’t know its capacity, but if it has, like say, “Siri, connect me
with the doctor’s office,” “Call the doctor’s office.” (P13, Hired Caregiver)
For guiding a caregiver through tasks, participants mentioned that the caregiver could
individually set a VA to provide instructions for procedures (P13, Hired Caregiver) or
examples of exercises (P22, Hired Caregiver). The family caregivers of CSHCN detailed
some of the specific contexts where a VA could support teaching their caregivers—for
example, guiding caregivers through the steps involved with administering medication or
operating a medical device such as a suction machine. While the family caregivers of
CSHCN in this study currently create teaching materials to support their home care, they
expressed that this interaction method might positively influence the engagement of their
hired caregivers with their teaching materials, improving respite care:
Taking somebody through the steps of. . . , “This is that schedule,” “This is the
bottle of medication,” “This is what it says,” “These are the steps you go through
to safely measure and administer medications.” And it can be generic. . . “Don’t
touch the pills,” “How to put powder in a syringe and then suck water up in it
without losing all the powder.” (P2, Family Caregiver - CSHCN)
The instructions would be in the binder with pictures and all that. . . , or they’re
on YouTube, and they would still call me and, “How do I. . . ,” and I would be
like, “OK. Go to the Binder, flip open the page. You see this?” . . . It’s like,
“Press on/off in the upper left corner. Now, wait 20 seconds. Alright, now hit
‘volume total.’” Like, yeah, if I could have just like made little recordings like
that. . . maybe people would use it! (P21, Family Caregiver - CSHCN)
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Family caregivers of older adults also described the use of VAs as a tool to provide in-
structions to caregivers, where the addition of a visual representation for the steps involved
in a task may improve the caregivers’ capability to carry out the physical actions:
There might be able to be demonstrations of how to care for certain physical
elements... Guide you. . . But even if it could be done, if there was a screen, if
it could be done pictorial. (P10, Family Caregiver - OA)
Finally, beyond directly supporting a caregiver’s tasks in the home, the participants
in this study described the use of their patient or loved one interacting with the VA.
They expressed that VAs could support self-care by providing autonomy in managing
their medications, supporting cognitive processes, and as a friendly assistant to interact
with during medical procedures. For example, one participant already used the reminder
functionality afforded by the Google Home to provide their child, who was beginning to
take more responsibility for their care, with more autonomy for taking their medications.
We had the medication set up all around, kind of in [their downstairs] apart-
ment. So, we set it up, you know, “set a reminder for [them] to take the pills on
top of your white freezer with the Green Cup at 8:00.” (P8, Family Caregiver -
CSHCN)
For adults who may have mild cognitive impairment or physical disabilities, participants
expressed that VAs could support their autonomy through reminders about their care. For
example, one caregiver mentioned that VAs could help an older adult through reminders,
specifically when to expect their hired care to arrive, without finding the information
physically.
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If you could have said things like, “Siri, what time does my home care person
arrive?” And if it could have given the appointment time to [them] verbally
[they] wouldn’t have had to search through papers (P13, Hired Caregiver)
Participants also discussed the importance of supporting cognitive processes to keep
older adults oriented with their environment and assist with medication management
through verbal cues. Specifically, participants mentioned that caregivers could interact
with a VA to check if a patient or loved one had taken their medication. A care receiver
could also check their medication history.
I’m noticing now too [they] will have like symptoms of dementia. . . early-
onset. . . and [they] will keep repeating the same question over and over, and
for someone like [them], it’s really important to make sure [they’re] orientated to
the date to the time of the year to the day of the week, just to make sure [they’re]
aware of what’s going on. So, I will ask [them] questions like, “Hey, Google,
tell me the time.” or “Tell me the weather outside.” (P6, Family Caregiver -
OA)
Having a verbal cue for the person to take their medication, but like as a backup.
Seeing if it has been done. (P5, Hired Caregiver)
I’m beginning to think. . . something to remind you when and how often you’ve
taken your medication would be good. (P14, Family Caregiver - OA)
In the context of interacting with VAs during a medical procedure, one participant
described that a VA could interact with their child to keep them calm while they changed
their tracheostomy.
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[My child] could like use it to talk [them] through a medical procedure, and that
might calm [their] anxiety down a bit. . . And just like in a kid-friendly way. . .
that would be cool to have in-home. (P1, Family Caregiver - CSHCN)
Perceived Ease of Use
In this study, participants commented explicitly on the ease of using a VA in a home care
context organized into two subthemes: (1) Navigating Information and (2) Voice Interac-
tion Concerns. First, participants mentioned that VAs would ease their documentation.
They expressed that interacting by voice would facilitate recording and retrieving infor-
mation because “it’s as long as it takes me to talk, which is good because I don’t have
to input stuff” (P8, Family Caregiver - CSHCN). A voice-based system could “give you
information. . . instantaneously” (P6, Family Caregiver - OA).
Participants also described the affordance of multitasking that a VA could provide.
They expressed that while they are working on one task, they could speak to the system and
have health information documented directly during that moment. The ease of recording
by voice may reduce the burden of physically writing information on paper; however,
participants still desired to obtain a physical copy of the data if needed.
Sometimes I’m in the middle of doing something else. . . and I need to remember
this thing. But if I stop what I’m doing, then. . . maybe it’s not that simple to
just stop what I’m doing. Or if I wait until the end, I’m going to forget because
I just don’t have a very good memory. . . (P3, Family Caregiver - CSHCN)
I think it’d be great if the caregivers could find a way that they didn’t have to
write in the logbook. I would think that they would be able to just say, “OK,
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ate lunch da da da da,” and then something would be printed up (P18, Family
Caregiver - OA)
The ease of record-keeping by voice could also support a caregivers’ capacity to perform
aftercare. For example, one participant mentioned that if their child were having a seizure,
they would be able to physically care for them while maintaining accurate documentation
of the event:
If my [child’s] in the middle of a seizure: “Siri, note that [they] had started
a seizure at this time,” “Siri, note that [they] stopped,” so I’m not having to
wait for [them] to get done and try to remember all the time. (P16, Family
Caregiver - CSHCN)
Second, despite the design functionality of VAs that would ease documentation, there
were essential concerns about this method of interacting with health information. One
caregiver (P3, Family Caregiver – CSHCN) mentioned that using a VA may not be a
more straightforward method for managing their child’s health information. However,
they expressed the need to integrate the technology into their routine first to determine if
it would be a valuable alternative to other technologies, processes or practices. There were
also concerns with their voice commands being accurately understood by a VA, which may
lead to a problematic interaction:
[Siri] just. . . it wouldn’t register what I was saying. . . if I have that [for home
care], is it going to even register what I’m saying? (P16, Family Caregiver -
CSHCN)
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I find that because my [family member] had a little bit of a speech impediment,
unfortunately, when we use the Google home mini, sometimes it isn’t able to
understand [them] very often. . . Even today, I was playing a song, and [they]
wanted it to stop. So, [they] said, “Hey, Google. Stop.” And it just didn’t
understand. So that was pretty frustrating because [they] told me today too that
it doesn’t understand [them], and that kind of made me sad as well. (P6, Family
Caregiver - OA)
One participant was strongly opposed to interacting with VAs in complex home care.
Their perceived trust in VA technology, hesitations about information privacy and the
accuracy of recording information by voice negatively influenced their perceived ease of
use. While participants identified the need for all members of the caregiver team to be
comfortable interacting with the VA, conflicting beliefs about the ease of record-keeping
using a VA might negatively influence care coordination:
I don’t think it’s a good idea; I don’t like that idea. Things can get messed up.
You know, certain things could be left out. I mean, it’s always glitches with
computers, and they frustrate me all the time. (P4, Hired Caregiver)
Another participant mentioned an essential caveat for technology like VAs being easy
to use. While they believed that VAs might support individuals with mild cognitive im-
pairment, their concern was that this might negatively influence their physical activity as
other technologies have done in the past.
I must admit I have real reservations about them; the more electronics do for
us physically. . . The two things that, for health for seniors and keeping them
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in their home, they have to have mobility, and I mean I can see it supporting
cognition. Things to keep them in their home longer. But I’m sorry, it’s like
the remote on the TV. I used it all the time, don’t get me wrong, but, you know,
that getting up and moving to turn on the TV used to be sometimes the only
activity those like seniors see. So, I’m not sure it’s necessarily a good thing in
that respect. (P13, Hired Caregiver)
Attitudes Toward Use
The external factors influencing the participants’ behavioural intention to use VAs in com-
plex home care were organized into three subthemes: (1) Excitement, (2) Concerns, and
(3) Cost. Despite varied experiences with VAs, the participants in this study were “quite
excited to think about what we could do with the technology” (P13, Hired Caregiver).
They initially expressed passion towards developing digital solutions for home care and
their willingness to learn a new technology that could support their caregiving tasks (4/22,
18%). However, participants also expressed concerns about using VAs, grounded by the
current methods they used to document health information in the home. As a first example,
one participant explained that health information should not be obtained from a VA, but
“should come from the individual and. . . come from the patients. It should be, you know,
only. . . your patient and your caregivers” (P4, Hired Caregiver). Another participant
mentioned that using VAs for medication management cannot compare to their current
system for tracking their child’s complex medication regimen, which currently provides a
physical cue for measuring adherence:
For example, remembering to take [their] meds. I don’t know that I would use
[a voice assistant] for that, and the reason being. . . you can forget to tell it
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that [you] took it, but. . . my little pillbox doesn’t lie. So, if it’s in there, I know
you didn’t take it. [There’s] no “I just forgot to tell it,” “I actually did take it,”
kind of thing. (P3, Family Caregiver - CSHCN)
Privacy of information was also an essential concern for participants. In one situation,
the family members of one participant influenced them not to purchase a VA based on
the perception that “those things know what’s going on in your house all the time” (P12,
Family Caregiver – OA). Another participant further expressed concerns that others could
access health information stored on VAs “and anybody can get it cause it’s out there” (P4,
Hired Caregiver).
Finally, although the financial cost was an initial concern mentioned by one partici-
pant in this study, one hired caregiver also noted the cost of their current documentation
methods on our environment and how the use of VAs could support the reduction of that
cost:
When it’s paper-based, it’s basically really a big waste. . . of paper. So, at least
if you’re just using Alexa or a virtual assistant. . . it would be at least. . . let’s
say. . . kinder to nature. . . If we’re looking at [my client’s] records of [their]
things, whenever we try to record the chart, we basically have a load thick of
this paper. (P20, Hired Caregiver)
6.5.3 Quantitative Findings
The quantitative findings were represented graphically (Figure 6.1, Figure 6.2, Figure 6.3)
by each caregiver population. In this study, most participants agreed that a VA should
record someone’s health information when they ask it (21/22, 95%) and retrieve previously
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documented information (21/22, 95%). They also agreed that a VA should remember the
details of someone’s medical condition (19/22, 86%) with the requirement that the data is
not stored in a publicly accessible database:
As long as there’s privacy, I think it should. It should be able to retain it. If I
came in as a home care or PSW, even as a family member, and I say, “When
did this happen?” I didn’t have to go back through my notes. My machine
can testify who did the treatment last. I mean, that would be very helpful. . .
Anything that records, and I don’t have to chart, I’m on board! (P13, Hired
Caregiver)
All of the study participants agreed that voice assistants should remind them about
time-sensitive tasks such as medications, treatments, or therapies (22/22, 100%). With
respect to interaction preferences with voice assistants, the participants often expressed
their desire to have the option to speak using specific keywords (21/22, 95%) and complete
sentences (18/22, 82%):
I’d like to do both. . . I don’t want to have the task of remembering how I’m
supposed to interact with it. (P14, Family Caregiver – OA)
For more dynamic interactions, most participants agreed that voice assistants should
guide them through the steps required to perform tasks (21/22, 95%), teach them how
to use different medical technology in their home (18/22, 82%), and support them in
an emergency (18/22, 82%). However, there was less agreeance about a voice assistant
having a personality (14/22, 64%), listening for a particular activity in the home to remind
caregivers to record the details of their tasks (16/22, 73%), and listening for a specific
132
activity in the home to support caregivers perform their tasks (9/22, 41%). The unique
perspectives on VA support in an emergency, teaching or guiding caregivers, and listening
to activity in the home are further described in the following sections.
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Figure 6.1: Family caregivers expectations for voice assistants in complex home care for CSHCN (N=7)
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Figure 6.2: Family caregiver expectations for voice assistants in complex home care for older adults (N=9)
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Figure 6.3: Hired caregiver expectations for voice assistants in complex home care (N=6)
Voice Assistants with a Personality
The participants who agreed that a voice assistant should have a personality expressed
that they would want “A happy, positive, smiley one, instead of these basic voices” (P8,
Family Caregiver – CSHCN). One participant mentioned that VAs could have a personality
because they are still a computer that provides objective responses:
Well, otherwise, it’s just like talking to a box or a machine. You would expect
the virtual assistant always to be right. You see. . . So, if you’re right, then
you can go on with having a personality, and I would presume that it would be
a positive personality or happy personality. (P17, Family Caregiver – OA)
However, participants were also concerned about the influence that a personality could
have on vulnerable caregivers. While they observed the benefit of VA personality on user
engagement, the concept of a personality coming from an objective device might impact
the perception of care by caregivers and care receivers:
I strongly feel that it shouldn’t have a personality. . . I think that could actually
kind of take advantage of vulnerable people, to be honest. . . I know that there’s
an argument to be made the exact opposite—that it would make it more user-
friendly, it would make it warmer, it could be a companion to the person, etc.
You know there’s a lot of lines you can cross. . . I think one of the things you
have to keep in mind is to. . . have a line between medical care and personal
care so that you’re not medicalizing your loved one too much. You’re remem-
bering that you’re keeping your personal relationship with them. . . If you had
a virtual assistant that sounded very friendly. . . this could just be confusing,
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or it could. . . there’s something about it that’s just not sitting right with me.
(P7, Family Caregiver – OA)
Assisting in an Emergency
While most participants (18/22, 82%) agreed that VAs should assist caregivers in an emer-
gency, they expressed that this functionality should be limited to calling emergency services
(e.g., calling 911) and that calling for help from a human should be the extent of a VA’s
support. For example, participants (2/22, 9%) expressed that a home care situation would
be too complicated for a computer to help:
Say [they] vomit: “Mabel, [they’ve] vomited. I’m going to put [them] on [their]
side now.” That sort of thing. “What side should I put [them] on?” Well, then
they can’t make that decision anyway. That’s not a good example. (P17, Family
Caregiver – OA)
[With] the medical conditions my [child] has. . . I don’t think I’m anywhere near
trusting a device. . . Yeah, not yet. (P9, Family Caregiver – CSHCN)
Teaching and Guiding Caregivers through Tasks
Guiding caregivers through tasks in the home was a potential VA functionality that many
caregivers (21/22, 95%) mentioned “is exactly what this virtual assistant should be able
to do” (P14, Family Caregiver – OA). However, other participants (4/22, 18%) disagreed
by noting that VAs should not be initially teaching caregivers how to do tasks that they
have never done before and should not necessarily teach every caregiver about the details
of operating sensitive medical equipment in the home. The participants emphasized the
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importance of having in-person training and the need for setting access limitations for
specific caregiver populations, especially in the context of learning how to use a device
that dispenses medication.
Some of my hesitation. . . was that I was defaulting to the importance of. . .
face-to-face. . . If you’re training a new nurse, from my experience, you want
someone there on the premises training you in-person: One, for the registered
staff to have. . . confidence in the new person, new trainees’ ability, but also, I
would think to instill more confidence in the patient in the new caregiver. (P5,
Hired Caregiver)
The keyword there is teach me. I wouldn’t have [a medical device] in the house
if somebody hadn’t already taught me how to use it. (P17, Family Caregiver –
OA)
I was thinking specifically about. . . devices that dispense medication, and I was
thinking about safety and security. Not letting people, for example, know how
to use a pump... I want some lockout feature on the assistants so the family
can’t go, “Alexa, how do I unlock this?” (P5, Hired Caregiver)
Listening to Events of the Home
The participants’ perspectives about an always-on VA capable of unprompted responses
were seen either as a privacy issue or as significant support for home care safety. Concern-
ing privacy, participants expressed that they did not like the idea of VAs being present and
having the ability to speak without prior notice. While participants mentioned that they
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observed the VA’s potential to notify them about safety events concerning the care situa-
tion, other participants said they would not be comfortable with unprompted interactions.
This was perceived as an invasion of the private activities in their home.
In some situations, that could be of significant support and. . . some situations,
that might also be like an invasion of privacy. (P2, Family Caregiver - CSHCN)
If it’s all related to the care, then it should be able to listen, but it’s. . . that’s a
little bit dicey. . . (P10, Family Caregiver – OA)
Participants expressed that unprompted responses from VAs would support peace-of-
mind for their respite care with respect to safety. One participant described that un-
prompted responses from a VA could be used to remind their PSW where to stand when
they are performing physical therapy with their spouse:
That would be great for me because I’m not in the room when these caregivers
come, and they’re going to be the ones to tell them to stand behind [my spouse].
(P17, Family Caregiver – OA)
Finally, one participant mentioned that VAs could listen for unexpected accidents in
the home, such as a fall, and promptly notify caregivers to take action. They also noted
the potential for VAs to identify caregiver abuse:
That could be a huge safety component. . . to identify caregiver abuse. . . because
really there is caregiver abuse. . . And I’m not doing blaming. . . We overwhelm
caregivers in the home. We just overwhelm them. Not professional ones that
are coming in but, I’m talking about individuals who just aren’t caring but are
left to care. (P13, Hired Caregiver)
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6.6 Discussion
This study captures the initial perspectives of a diverse population of caregivers about the
acceptance of VAs to inform digital technology design for complex home care. This study
identifies the importance of utility and the ease of interaction for influencing technology
adoption by organizing participants’ initial responses using the TAM. The expectations for
VAs to support caregivers manage and communicate health information may positively im-
pact caregivers’ desire to integrate VAs in complex home care. However, triangulation with
the quantitative results also identifies critical design concerns and ethical considerations
for adopting VAs in this work domain.
Expectations Across Caregiver Populations
This study identifies that the participants’ perspectives may represent one caregiver pop-
ulation, as shown from the similar graphical representations in Figure 6.1, Figure 6.2,
Figure 6.3. Combining participant responses into a single graphical representation affords
a collective analysis of the results (Figure 6.4).
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Figure 6.4: Combined caregiver expectations for voice assistants in complex home care (N=22)
With respect to the Perceived Usefulness of VAs, the participants in this study expect
VAs to provide utility for processes such as maintaining and navigating detailed health
records and supporting aspects of care coordination. These potential functionalities align
well with prior research on the proposed integration of VAs in home care [11]. Participants
mainly discuss documentation utility in the context of medication management, which
Corbett et al [82] also identify. Participants in this study specifically observe usefulness
for documenting details about observed reactions to a drug and tracking adherence. For
care coordination, participants describe the ability to curate tailored information about the
home care situation for other caregivers and effectively communicate among the caregiver
team by leaving messages and setting verbal cues or timely reminders.
With respect to the Perceived Ease of Use of VAs, the participants in this study express
the ease of documentation afforded by voice interaction, especially in situations where they
provide aftercare. The expected ease of interacting with VAs through specific keywords
or commands as well as speaking naturally to a VA further influences the perceived ease
of use. However, concerns with their voice being misunderstood by the VA, prior frustra-
tions interacting with computer systems, and the need for all caregivers to be comfortable
interacting with the technology may negatively influence the ease of use if this prevents
information from being efficiently updated.
The home care environments and healthcare complexities between CSHCN and older
adults are diverse with respect to the individuals involved, the caregiving tasks, and the
equipment used. A family caregiver and hired caregiver’s responsibilities may differ from
caregiver training and their relationship to the care receiver. However, there are inherent
similarities among caregivers’ general expectations towards the design of VAs for complex
home care. The similarities in expectations for VAs across caregiver populations point
towards designing a digital health tool that provides similar design features for both family
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caregivers and hired caregivers.
Supporting Care Recipient Independence
Chiang et al [200] measure improved outcomes of job satisfaction and reduced caregiver
burden by implementing a home care concept for older adults that involves providing care
receivers with the knowledge and resources required to maintain their independence in their
home [200]. Based on our study’s findings, where participants express utility to support
daily activities and medication management by older adults, VAs may assist this concept
of providing independence in the home, reduce caregiver burden, and improve caregiver
peace-of-mind. However, this study also identifies the concern for reduced physical activity
of older adults interacting with VAs to maintain their independence. Reduced physical
activity of older adults could lead to significant health consequences [201]. While this
research focuses on caregivers’ perspectives, it is recommended to explore the views of
care receivers to better understand their acceptance of VAs in complex home care and the
potential impact that VAs could have on their daily physical activity, and capability to
manage self-care.
6.6.1 Personality Traits for Voice Assistants in Complex Home
Care
The participants in this study have varied expectations for the inclusion of personality
traits for VAs in complex home care and how this may influence their interaction with
health information. Baptista et al [202] identify that personality could influence the users’
perceptions of a VA’s role in a health care context. In their study, participants perceive
the personality of an embodied VA for diabetes management as a “friendly coach” more
than a “health professional” [202]. A scoping review by Car et al [203] identify other
144
personality traits in studies with VAs in a healthcare context: “informal,” “human-like,”
“culture-specific,” “factual,” “gender-specific,” and “conversational agent.” When design-
ing VA personalities for family caregivers, this population can be considered vulnerable; it
is essential to consider the influence that a personality trait might have on their reliance on
this type of technology in different caregiving situations. While the design of VAs currently
includes human-like personality traits for healthcare applications in specific contexts such
as adherence to active living regimens and psychological difficulties [204, 205], the partici-
pants in this study expect VAs to assist in more than one context. A consistent personality
trait for VAs may not be appropriate for every home care situation and may negatively
influence a caregiver’s perception. Future research should explore how personality traits
can influence caregiver engagement, reliance on technology, and medical decision-making.
6.6.2 Caregiver Expectations Towards Intelligent Support
VA technology currently uses artificial intelligence in speech analysis and natural language
understanding to enhance user interaction. Prior literature suggests that the future of VAs
could include intelligent aspects that support care by providing context-specific insights on
data or disease detection to support medical decision-making [10, 11]. An intelligent VA
for home care would require a significant knowledge base vetted by healthcare professionals
and predictive algorithms based on audio data collected from the home care environment.
However, as VA technology advances from information interaction to intelligent support,
the increase in potential value is proportional to the risk of adverse events [11]. For health
care software that involves artificial intelligence, Powell [206] suggests that the role of
intelligent systems in a healthcare context should be complementary to the user and their
task and not the primary medical decision-maker.
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The extent to which the participants in this study initially expect a VA to assist their
tasks suggests that caregivers might prefer less intelligent VAs that strictly provides a
means for retrieving previously entered information. Caregivers mainly wish to direct
the interaction with VA technology, where the information exchange is not expected to
advance beyond their initial intents. For example, the caregivers in this study discuss
using a VA to create reminders or instructions for procedures from the information they
would consciously provide to the system. When they need assistance, the caregivers in this
study discuss contacting other caregivers through the VA rather than thinking to ask a VA
to assist them based on data collected about the home or a pre-existing digital knowledge
base.
While context-specific interactions may improve engagement and adoption of VAs by
general consumers, this functionality may also involve predictive algorithms to enhance
the system’s intelligence [197, 199]. With the uniqueness of the participants’ caregiving
backgrounds and home care experiences, some participants would be positively inclined to-
wards a VA that provides context-specific support. However, creating contextually aware
VAs would involve storing audio data about the activities occurring in the home. Passively
collecting audio data about the home environment raises an ethical consideration regard-
ing the use of data to report on home events ranging from accidents to potential caregiver
abuse. Without including an option to control the ‘always listening and analyzing’ func-
tionality, as developed by Alrumayh et al [207], this may increase caregivers’ concerns with
VAs in complex home care.
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6.6.3 Strengths & Limitations
The mixed-method nature of this exploratory study on participants’ initial expectations
about using VAs in complex home care captured the unique perspectives of the poten-
tial primary users of this technology. There is no significant research conducted using
the TAM for understanding VA adoption, and none captured during COVID-19. While
demographics are limited, where it was known that five participants were recruited using
this sampling method, our results offer preliminary insight into diverse situations, with fu-
ture work expanding to examine more viewpoints including people being cared for, various
health care professionals, regulators, and technology experts, ultimately bringing a holistic
understanding of the system itself and its potential. An increased sample size through
further research may provide more insight into the existence of any differences between
caregivers’ perspectives in the quantitative data.
6.7 Conclusion
This study provides the early emerging research into understanding caregiver perspectives
about the use of VAs to support complex home care. The results suggest that there are
similarities in expectations across different caregiver populations, which encourages the
development of VAs that meet broad caregiving population’s needs. The TAM specifically
supports identifying that VAs could support caregivers’ current healthcare documenta-
tion methods and care coordination in the home due to the ease afforded by a voice user
interface. There is potential for VAs to support care recipient independence in the con-
texts of both CSHCN and older adults. Beyond information interaction, there are ethical
considerations regarding the use of a VA that provides contextually specific insights from
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collected audio data, given the complexity and the diversity of activities occurring in the
home. The design of VA personality traits should carefully evaluate the potential influence
on vulnerable caregiver populations’ perception of care. Future research should focus on
integrating VAs into specific contexts of information management and communication for
complex home care to further understand the factors influencing adoption with respect to
the design of this technology.
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This thesis provides a foundation for understanding the design considerations, expected us-
ability, and technology adoption of VAs from the diverse experiences of caregivers working
in complex home environments. The research results presented in Chapter 4 and Chap-
ter 5 illustrates the complexities of health information management and communication
that caregivers face in complex home care and how this understanding can inform de-
signing digital health tools that provide utility and promote engagement. The research
results presented in Chapter 6 describe the potential for VA technology to be adopted in
complex home care while also illustrating critical usability and design considerations for
human-information interaction and patient safety. Through combining these findings, the
foundation for designing VAs for caregivers in complex home care is supported as a poten-
tial solution to improve health information management and communication in complex
home care. Although the current body of research has contributed to the conceptualiza-
tion of the potential for VAs in complex home care and evaluated the usability of this
technology for self-care and other specific health-related tasks, none significantly examines
caregivers’ experiences and perspectives in-depth before approaching the development of
such a system. The exploratory nature of the research conducted for this thesis contributes
149
to understanding home care and VA integration to improve caregivers’ and care receivers’
experiences, to fill this gap.
7.1 Caregiving Processes & Technology Acceptance
7.1.1 Designing for Usefulness
When combining the findings from our qualitative analyses about health information man-
agement and communication with caregivers’ initial beliefs about design functionalities
that VAs could provide in the home, we can identify the mappings between the technol-
ogy and the work domain. Several connections can be made between the work domain
and caregivers’ perspectives regarding the ease of use and usefulness of VAs, as shown in
Figure 7.1. Caregivers perceive utility for VAs in the context of three key areas: (1) docu-
mentation, (2) care coordination, and (3) providing autonomy to the person receiving care.
With the caregiving processes of updating the caregiver team, caregiver communication,
and teaching caregivers, combined with an understanding of caregivers’ interaction prefer-
ences, there is potential for designing VAs that improve caregivers’ information interaction
experiences and relieve some of the burdens and pressures of caregiving.
When considering the caregivers’ range of perspectives in this research along with ad-
vancements in VA technology, design features could be intricately tailored towards the
caregiver to directly meet their usability needs. Currently available VAs have voice print-
ing technology, functionality which allows for the system to identify a specific user by their
voice [185]. Rehman et al [208] have integrated voice printing in a VA for a healthcare
context, where this functionality also plays an important role in supporting aspects of the
Health Insurance Portability and Accountability Act. By capitalizing on this integrated
functionality to understand which caregiver is involved in the interaction for providing au-
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thenticated, context-specific information, and combing it with location and motion-based
sensors that are ubiquitous on mobile devices such as smartphones and smartwatches, this
data can be used to recognize the user’s environment and their caregiving situation. With
this information, VAs could optimally display health information for specific users, whether
through an audible and/or visual interface from a stationary device such as a smart speaker,
or as a companion application on a smartphone or wearable device connected to specific
user accounts.
For family caregivers, one important situation where VAs could provide support is in
the context of reporting information to a clinician. VAs that are currently integrated onto
smartphones or other mobile devices through downloaded applications with specific user
logins could use location and accelerometer data (e.g. if they are sitting in a doctor’s office)
to automatically switch into an interaction mode that supports the family caregiver’s cog-
nitive processes. The interaction could support the user by presenting health information
summaries, trends and other important documentation to a clinician during their conver-
sation, without requiring the family caregiver to remember this information. VAs could
listen for and recognize discussion topics, search a secure database of the patient’s health
information for relevant content, and prompt the family caregiver about timely discussion
topics. Currently, Mavropoulos et al [209] are developing a system that integrates multiple
sensor data to improve the human-machine interaction with VAs in the healthcare context
of rehabilitation, where their work is currently in preliminary stages. Finally, as an ambi-
ent functionality, VAs could also record the details of the meeting and present a concise
summary for future reference, using language that is tailored to their health literacy.
For hired caregivers, one important situation where VAs could provide support is at
the beginning of their shift in their client’s home, specifically to support shared situation
awareness. The handoff of information during a shift changeover can be a challenging aspect
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of caregiving when multiple clients are involved [62]. VAs used on a hired caregiver’s mobile
device could capitalize on their location and previously inputted schedule data to provide
context-specific information to them about the prior care activities that recently occurred
in the home and the current status of the client, to ensure a complete understanding of the
caregiving situation. VAs could also remind the caregiver about their upcoming schedule
of tasks that need to be completed during their shift such as medications, therapy or other
timely caregiving events, using language that is also tailored to their health literacy.
7.1.2 Designing for Ease of Use
It is additionally essential to take advantage of the naturalness of the interaction that
VAs can provide to caregivers. While the usefulness of VAs is a critical concept that the
TAM identifies in this research, the other significant connections between the TAM and
the caregiving processes involve the perceived ease of use for VAs in the specific context
of navigating information. The inherent method of using voice commands to interact with
health information through VAs has potential to support each of the caregiving processes
from this research.
In complex home care, the exchange of information is fundamental to the successful
outcomes of learning, sharing knowledge, teaching, communicating, and the bureaucratic
processes of caregiving [126, 127, 210]. Information is dynamically flowing among caregivers
within these sub-domains of the work environment. However, the structure of information
makes accessing it inefficient. One of the primary benefits that voice user interfaces provide
compared to graphical or other physical user interfaces is the removal of visual hierarchies
[11, 79]. Without the need to search through towers of binders, notebooks, and filing
cabinets filled with health information, voice commands can provide users with a single
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action or simple set of steps to efficiently retrieve the information they desire.
Furthermore, advancements in machine learning algorithms for VA technology are be-
ginning to enable multi-intent and multi-entity commands, where users can provide several
pieces of information to the VA in a single command, reducing the number of interactions
required for a user’s goal(s) to be achieved [211, 212]. For example, a multi-entity com-
mand for inputting a medication could include both the name of the medication and the
amount being dosed. A multi-intent command could be to enter that the medication was
given to the patient, and to also record an observation note about how the patient was
feeling. Although these functionalities are not implemented in consumer products, there
is increasing potential for VAs to be designed to allow users to interact using a command
that has more than one intent, to achieve their task goal(s) [211, 212]. Rehman et al [208]
have shown potential for building a VA in the specific context of supporting patients with
glaucoma and diabetes, that understands multiple intents from the users single command
and provides an appropriate response. Their preliminary findings show that a VA that
understands multiple intents and scores well on a user experience questionnaire as a result
of this functionality [208].
While multi-intent and multi-entity interactions are already common in communica-
tion between humans, providing a means for this type of natural interaction with a VA to
access desired information may enhance both the utility and ease of use, and ultimately
improve caregivers’ interaction experience with this technology. The utility of the interac-
tion would be contingent on the VA consistently mapping a user’s intents and entities to
a correct response that the user can understand. However, the potentially improved ease
of interacting with VAs over other technologies and information retrieval methods could




Figure 7.1: Connections between information management processes and expectations for VAs in complex
home care
7.2 Technology Adoption in the Experience Age
This research highlights the potential usability considerations and impact that VAs can
have on information interaction in complex home care by family caregivers of CSHCN,
family caregivers of older adults, and hired caregivers. In alignment with Rogers’ Diffusion
of Innovation framework [51], there is generally a perceived relative advantage for VAs to
support health information management and communication. However, the challenge of
perceiving tangible, immediate outcomes may provide a barrier for early adoption. In this
research, the difference in the perception of immediate value is especially evident for family
caregivers who are coordinating several processes on their own, in addition to caregivers
who have already integrated VAs into their homes for basic tasks, where they currently
perceive significant utility for this technology. As suggested by Rogers [51], late adopters
may need to observe the usability of VAs for their home care through others, or have
the opportunity to trial the system in parallel to their current processes to identify if the
experience provides added value.
For early adopters of VA technology for complex home care, it will require time and
effort to build a knowledge base on a VA regarding a patient’s health and the coordination
of their care, potentially prolonging the time before caregivers experience significant advan-
tages of the system. However, once compiled, the perceived advantages of interacting with
a VA would become more apparent. Early adopters may perceive utility for VAs sooner
if the technology integrated with standard, comprehensive knowledge bases for complex
home care tasks, that can be built on and modified by the caregiver to meet their specific
needs.
One additional barrier from Rogers’ Diffusion of Innovation framework is compatibility
and complexity. There are hesitations about transitioning to a new form of technology
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and the associated learning curve for caregivers who have significant experience managing
information for their home care. The mentality, “if it ain’t broke, don’t fix it,” is synony-
mous with the finding that caregivers who have established methods that work for their
homes observe the integration of new technology as an additional burden, regardless of
the potential benefit that it may provide. In this case, engagement and interest through
the perceived enjoyment of the interaction may be the influencing factor supporting adop-
tion, as previously suggested as the primary factor for VA adoption today [197]. While
the perceived integration effort may be a significant influence, the satisfaction associated
with using a VA may overcome this barrier to adoption by providing a short moment of
enjoyment for interacting with health information in an otherwise stressful environment.
7.3 Strengths & Limitations
The virtual research environment employed by this study supported a broad online outreach
to capture diverse caregiving experiences. However, one limitation is that the demographics
were limited, and data were gathered in online settings, which may be slightly different
from data gathered in person. While this allowed for participants from a wider range of
locations, the small sample size may limit generalizations of this research. While caregivers
are more likely to be female [27], there were only two male participants in this research, and
there was a lack of representation for family caregivers and hired caregivers of older adults
from the USA. Only two participants from the USA who cared for CSHCN participated in
this research.
Another consequence of the COVID-19 pandemic was its impact on the chosen method-
ological approach. With the current research restrictions, the researchers could not be im-
mersed in each participant’s home care environment and directly observe their caregiving
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situations. An ethnographic approach may have provided greater insight into integrating
digital health tools in complex home care. For the methodological approach in this research,
participants needed to recall their experiences, which might be influenced by memory bias.
However, the resulting saturation of the thematic analysis across participants supports the
validity of the findings.
7.4 Conclusions
With its variable environment, tasks, and technologies, home care is a complex work domain
for caregivers - both hired and familial. Increasing demands for care services in the home
identify the critical importance of evaluating the human factors that influence caregivers’
capabilities to inform the design of technologies that can support patient safety and improve
the caregiving experience. The research conducted for this thesis provides a foundation for
understanding the complex processes involved with health information management and
communication to support the future development of practical digital health tools that can
provide a more natural and intuitive interaction with information. Although this research
identifies critical design considerations and concerns that may impact the adoption of
digital health tools in complex home care, there is potential for innovative technologies to
provide significant support for caregivers if these elements can be successfully addressed.
Implications of this research will support developers of digital health tools to grasp the
nuances of the human experiences they are building for and create innovations to enhance
that experience and improve our healthcare system.
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7.5 Recommendations & Next Steps
With the rise in complex home care and the increasing responsibilities for caregivers to
provide care services in patients’ homes, there is an emerging need to integrate digital
health tools to support information management and communication. Future research
should continue to understand this complex domain to inform the design of methodolo-
gies, processes, policies, and technologies that improve patient safety and the caregiving
experience. With the exploratory nature of this work on individual caregiver experiences,
there is potential for future research to provide meaningful contribution by understanding
complex home care through interviews with caregiver teams. Analyzing caregiver teams
would better understand collaboration and team situation awareness to identify the human
factors opportunities for reducing the risk of adverse events.
With respect to VAs, this research identifies the need to measure human-information
interaction with digital health technology in complex home care, objectively. Future work
should identify the relationships between caregiver perspectives and expectations for VAs
with the actual functionality provided by this digital health tool. Studies that involve
specific caregiving contexts related to documentation and navigating health information
and explore caregivers’ acceptability of VAs that provide intelligent support should be
carried out. Future research in this domain should also explore the use of voice and audio
interaction with health information in the field and how the usability compares to current
technologies that provide a visual interaction, in specific information contexts. With the
current use of visual tools and the potential elements of risk that are associated with not
displaying affording visual functionality for health information or reminders, there may be
a need to provide both methods of interaction in real world use contexts with VAs.
For the adoption of digital technology in complex home care, an interesting avenue for a
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future research study would be to directly connect the baseline of caregivers’ current expe-
riences with digital technologies and how this impacts actual adoption and integration into
their caregiving workflow. While caregivers in this study had experience with digital tech-
nology such as phones, computers, and VAs, none of them had directly integrated specially
designed software tools that integrated health data tracking and communication across all
caregivers. A future study could involve establishing the degree to which caregivers have
experience with digital health tools that enable health data tracking and communication,
as well as their comfort levels with integrating these tools into their current routines, and
then examine how this has influenced their adoption of current and future tools.
It is also critical to examine the design of digital health technologies in complex home
care from an equitable and ethical perspective. With the varied social and economic sta-
tuses of caregivers, the factors impacting inclusivity and accessibility should be identified
for the application of digital home care tools when expanding the demographics of par-
ticipants in future research. Specifically for VAs, the language for interacting with health
information should also be considered across a range of health literacy skills to identify
how caregivers expect their voice commands to be understood and how VAs should ap-
propriately respond in various contexts. Finally, ethical considerations should examine the
factors involved with risk management when using an audio display compared to tradi-
tional visual displays, and the rights of caregivers and patients to their health information
with respect to how information is stored and shared.
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pas, “Needs, aggravation, and degree of burnout in informal caregivers of patients
with chronic cardiovascular disease,” International Journal of Environmental Re-
search and Public Health, vol. 17, no. 17, pp. 1–16, 2020.
[191] J. Sanders and A. Martin-Hammond, “Exploring autonomy in the design of an intel-
ligent health assistant for older adults,” in Proceedings of the 24th International Con-
ference on Intelligent User Interfaces: Companion, (New York, NY, USA), pp. 95–96,
ACM, mar 2019.
[192] Y. K. Choi, H. J. Thompson, and G. Demiris, “Use of an internet-of-things smart
home system for healthy aging in older adults in residential settings: Pilot feasibility
study,” JMIR Aging, vol. 3, no. 2, 2020.
[193] R. J. Holden and B. T. Karsh, “The Technology Acceptance Model: Its past and its
future in health care,” Journal of Biomedical Informatics, vol. 43, no. 1, pp. 159–172,
2010.
[194] C. S. Gadd and L. E. Penrod, “Assessing physician attitudes regarding use of an
outpatient EMR: a longitudinal, multi-practice study.,” in Proceedings. AMIA Sym-
posium, pp. 194–8, 2001.
179
[195] D. Spatar, O. Kok, N. Basoglu, and T. Daim, “Adoption factors of electronic health
record systems,” Technology in Society, vol. 58, no. February, p. 101144, 2019.
[196] S. Lee, R. Ratan, and T. Park, “The voice makes the car: Enhancing autonomous
vehicle perceptions and adoption intention through voice agent gender and style,”
Multimodal Technologies and Interaction, vol. 3, no. 1, 2019.
[197] D. Pal, C. Arpnikanondt, S. Funilkul, and W. Chutimaskul, “The Adoption Anal-
ysis of Voice-Based Smart IoT Products,” IEEE Internet of Things Journal, vol. 7,
pp. 10852–10867, nov 2020.
[198] D. Pal and C. Arpnikanondt, “An Integrated TAM/ISS Model Based PLS-SEM
Approach for Evaluating the Continuous Usage of Voice Enabled IoT Systems,”
Wireless Personal Communications, no. 0123456789, 2021.
[199] E. Moriuchi, “Okay, Google!: An empirical study on voice assistants on consumer
engagement and loyalty,” Psychology and Marketing, vol. 36, no. 5, pp. 489–501,
2019.
[200] Y. H. Chiang, H. C. Hsu, C. L. Chen, C. F. Chen, S. N. Chang-Lee, Y. M. Chen, and
S. W. Hsu, “Evaluation of reablement home care: Effects on care attendants, care
recipients, and family caregivers,” International Journal of Environmental Research
and Public Health, vol. 17, no. 23, pp. 1–15, 2020.
[201] R. Rai, M. I. Jongenelis, B. Jackson, R. U. Newton, and S. Pettigrew, “Factors influ-
encing physical activity participation among older people with low activity levels,”
Ageing and Society, vol. 40, no. 12, pp. 2593–2613, 2020.
[202] S. Baptista, G. Wadley, D. Bird, B. Oldenburg, and J. Speight, “Acceptability of an
embodied conversational agent for type 2 diabetes self-management education and
support via a smartphone app: Mixed methods study,” JMIR mHealth and uHealth,
vol. 8, no. 7, pp. 1–12, 2020.
[203] L. T. Car, D. A. Dhinagaran, B. M. Kyaw, T. Kowatsch, S. Joty, Y. L. Theng,
and R. Atun, “Conversational agents in health care: Scoping review and conceptual
analysis,” Journal of Medical Internet Research, vol. 22, no. 8, 2020.
[204] C. R. Davis, K. J. Murphy, R. G. Curtis, and C. A. Maher, “A process evaluation
examining the performance, adherence, and acceptability of a physical activity and
diet artificial intelligence virtual health assistant,” International Journal of Environ-
mental Research and Public Health, vol. 17, no. 23, pp. 1–14, 2020.
180
[205] C. Falala-Sechet, L. Antoine, I. Thiriez, and C. Bungener, “Owlie: A Chatbot that
Provides Emotional support for coping with psychological difficulties,” in IVA 2019 -
Proceedings of the 19th ACM International Conference on Intelligent Virtual Agents,
pp. 236–237, 2019.
[206] J. Powell, “Trust me, i’m a chatbot: How artificial intelligence in health care fails
the turing test,” Journal of Medical Internet Research, vol. 21, no. 10, pp. 1–4, 2019.
[207] A. S. Alrumayh, S. M. Lehman, and C. C. Tan, “Context aware access control for
home voice assistant in multi-occupant homes,” Pervasive and Mobile Computing,
vol. 67, p. 101196, 2020.
[208] U. U. Rehman, D. J. Chang, Y. Jung, U. Akhtar, M. A. Razzaq, and S. Lee, “Medical
Instructed Real-Time Assistant for Patient with Glaucoma and Diabetic Conditions,”
Applied Sciences, vol. 10, p. 2216, mar 2020.
[209] T. Mavropoulos, G. Meditskos, S. Symeonidis, E. Kamateri, M. Rousi, D. Tzimikas,
L. Papageorgiou, C. Eleftheriadis, G. Adamopoulos, S. Vrochidis, and I. Kompat-
siaris, “A Context-Aware Conversational Agent in the Rehabilitation Domain,” Fu-
ture Internet, vol. 11, p. 231, nov 2019.
[210] C. Alvarado, K. Zook, and J. Henry, “Electronic Health Record Adoption and In-
teroperability among U.S. Nursing Facilities in 2016,” ONC Data Brief 39, no. 41,
pp. 1–10, 2017.
[211] J. Petraityte, “How to handle multiple intents per input using Rasa NLU TensorFlow
pipeline,” 2018.
[212] T. Hughes, “Improving Entity Extraction with Lookup Tables,” 2018.
181
APPENDICES
182
Appendix A
Study Materials
183
A.1 Information Letter
184
185
186
187
A.2 Consent Letter
188
A.3 Recruitment Materials
189
190
191
192
193
A.4 Interview Script
194
195
196
197
198
199
200
201
A.5 Appreciation Letter
202
